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Summary 
This study aimed to determine the distribution of giant kokopu, G. argenteus within 
the Lower Taieri Floodplain in New Zealand's South Island and then to examine various 
ecological aspects of this species including micro-habitat use, home range, activity 
patterns, flood movements, and dominance hierarchies. Significant populations of G. 
argenteus were found in small streams draining into the Taieri Floodplain but were rarely 
located from lentic waterbodies. G. argenteus were regularly found to exist with brown 
trout (Salmo trutta) in the same stream but co-existence at finer spatial scales was less 
common. In streams, giant kokopu used specific habitat types and maintained restricted 
home ranges during base flow conditions. Activity patterns of giant kokopu were 
recorded using a novel; remote, radiotelemetry system. Distinct differences in activity 
and habitat use were observed during the day and night, and between summer and winter. 
During winter, giant kokopu were always concealed amongst cover during the day and 
located in open, low velocity habitats at night. During summer giant kokopu were 
frequently active during both light and dark periods with fish showing a marked increase 
in the use of shallower and higher velocity habitats, particularly at night. A limited study 
on giant kokopu diet conducted during summer and winter revealed that both aquatic and 
terrestrial items were important components in the diet. During high discharge events, 
fish displayed a range of behaviours with some fish exhibiting homing capabilities. 
Reasons for moving during floods appear to be quite complex and may not necessarily be 
related to the magnitude of the discharge. In many instances individual giant kokopu 
exhibited adaptive behaviours in response to high flows. Behaviours supporting this 
view included fish that moved upstream during the peak discharge period, fish that did 
not move during the largest floods and fish that made micro-movements ( < 10 m) from 
regular cover locations to low velocity habitats. The social interactions and spatial 
distributions of giant kokopu investigated over a brief period suggested that a size related 
dominance hierarchy was evident within stream pools during summer. The feeding and 
social behaviour exhibited by giant kokopu during the day appeared to correspond with 
those exhibited by salmonids and other drift feeding fish in the Northern Hemisphere. 
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Threatened fishes of the world: Galaxias argenteus (Gmelin, 1789) (Galaxiidae) 
Bruno David 
Department of Zoology, University of Otago, P.O. Box 56 Dunedin, New Zealand 
( e-mail: bruno.david@stonebow.otago.ac.nz) 
Common names: Giantkokopu, 
Maori trout (E). Conservation 
status: Threatened (Williams & 
Given 1981, Tisdall 1994). 
Identification: D 10-12, 
A 12-15 rays. No scales. Fins 
rounded with dorsal fin origin 
directly above anal fin origin. 
Caudal peduncle deeper than 
long and caudal fin truncated. 
Body very stout, greatest width 
above pectoral fins where it is 
almost square in cross-section 
before tapering caudally. Large 
mouth extending beyond level of eye with upper and lower jaws of equal length. Colouration is highly distinctive. Body covered in a com-
bination of gold crescents, circles, spots and disjunct lines set against a darker grey-olive background. Reported to grow to 58 cm and 2.7 kg 
in length but rarely encountered over 40 cm and 1 kg. Illustration of an adult giant kokopu by Robert McDowall. Distribution: Giant kokopu 
are endemic to New Zealand and are well distributed throughout both the North and South Islands including close offshore islands. While 
normally diadromous and distributed in areas close to the coast, land-locked populations are known. Abundance: Although well distributed, 
giant kokopu are not commonly encountered. Apparent decline in abundance in recent times is likely to be linked with loss of suitable habitat 
and possibly the introduction of exotic salmonids. Habitat and ecology: Poorly studied but appear to prefer waterbodies providing extensive 
instream cover and low flow velocities (Bonnett 2000). Giant kokopu are seemingly nocturnal in habit, particularly during winter. However they 
may occasionally be seen during the day in sununer. Limited diet studies indicate that in freshwater habitats giant kokopu are generalist feeders 
consmning a wide range of terrestrial 'and aquatic food items, including fish (Jellyrnan 1979, Main 1988, Bonnett 2000). Reproduction: Giant 
kokopu are thought to spawn between late autumn and late winter. Spawning presumably occurs in fresh water and somewhere near typical 
adult habitats, although spawning sites are yet to be discovered. Newly hatched giant kokopu embryos apparently head to sea where they spend 
approximately 130 days before returning to freshwater habitats (McDowall & Kelly 1999). Landlocked populations indicate that diadromy is 
not obligatory for reproduction. Threats: Given their preference for habitats providing instrearn cover and low water velocity, the major threats 
to giant kokopu probably include barrier construction (preventing juvenile migration), continued stream modification, and wetland drainage in 
coastal areas. Further tbreats include recreational 'whitebaiting', in the lower reaches of many streams which may be impacting on recruitment. 
The impacts of introduced salmonids, particularly brown trout, Salmo rrutta, may also be of concern. Conservation action: Alterations to the 
duration of the whitebaiting season have been proposed to avoid coincidence with the peak run of returning giant kokopn. Such changes may 
improve recruitment of juveniles into adult habitats. Until recently New Zealand's native fish fauna remained relatively unknown to most people. 
However, public awareness of many species including giantkokopu has increased mainly through the efforts of the Department of Conservation. 
Conservation recommendations: Specific studies examining the direct interactions of giant kokopu with brown trout are required. In addition, 
studies conducted to determine spawning locations and associated spawning requirements, and the potential benefits of stream rehabilitation are 
also a priority. Remarks: Educating the public and cooperation with farmers and land developers are essential to the livelihood of this species. 
Bonnett, M.L. 2000. Critical habitat features of giant kokopu, Galaxias argenteus (Gmelin 1789). M.Sc. Thesis, University of Caciterbury, Orristchurch. 91 pp. 
Jellyrnan, D . .T. I 979. Observations on the biology of the giant kokopu Galaxias argenteu.s (Gme!in 1789). Mauri Ora. 7: 53-61. 
Main, M.R. 1988. Factors influencing the distribution ofkokopu and koaro (Pisces: Galaxiidae). M.Sc. Thesis, University of Canterbury, Christchurch. 127 pp. 
McDowall, R.M. & G.R. Kelly. 1999. Date and age at migration in juvenile giant kokopu, Galaxias argenreus (Gmelin) (Teleostei: Galaxiiruie) and estimation 
of spawning season. N.Z. l Mar. Fresh. Res. 33: 263-270. 
Tisdal!. C. 1994. Setting priorities for the conservation of New Zealand's threatened plants and animals. Department of Conservation, Wellington. 64 pp. 
Williams, G,R. & D.R. Given. 1981. The red data book of New Zealand: rare and endangered species of endemic terrestrial vertebrates and vascular piants. 






Spotlighting Galaxias argenteus 
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Introduction 
Many of New Zealand's native fishes are small, nocturnal and highly secretive 
(McDowall 2000). As a consequence the life histories and behaviour of many of these species 
are not well known. New Zealand's freshwater fish fauna currently comprises 34 native species 
of which approximately half are considered diadromous (McDowall 2000). The Family 
Galaxiidae is well represented in New Zealand with at least five species from this family known 
to have diadromous life histories (koaro, G. brevipinnis; inanga, G. maculatus; banded kokopu, 
G. fasciatus; shortjawed kokopu, G. postvectis; giant kokopu, G. argenteus). Of these, the giant 
kokopu is the largest in the family, having been reported to grow to 58 cm and 2.7 kg in weight 
(McDowall 1990 a). 
The giant kokopu was first discovered by naturalists travelling with Captain James Cook 
to New Zealand in 1773. Its first formal description was given by J.F. Gmelin in 1789 who 
named it the silver pike (Esox argenteus), presumably because of its morphological similarity to 
that of the Northern Hemisphere pike. However, in 1812 a French biologist named George 
Cuvier recognised that this species did not belong to the Genus Esox and subsequently renamed it 
Galaxias, the name inspired by its unique speckled markings which were thought to resemble a 
galaxy of stars. Historical literature indicates that the giant kokopu was once quite common, 
being regularly encountered and used as a food source by early settlers (Anderson 1916) and the 
Maori people (Ligar 1845). Today, however, the giant kokopu is less common and is currently 
classed as a Category B (second priority) threatened species (Williams and Given 1981, Tisdall 
1994). 
Although uncommon, this species is widely distributed throughout New Zealand due to 
its diadromous life history. Distributions are uneven, however, with most of the records for giant 
kokopu (87 %) originating from Westland, Southland, Wellington and Waikato (New Zealand 
Freshwater Fish Data base - NZFFD, Fig. 1). Interestingly, few giant kokopu have been recorded 
from the east coast of New Zealand. It is believed that habitat degradation and the introduction 
of exotic salmonids are the main reasons for the decline in giant kokopu abundance (McDowall 
1990, Bonnett 2000, Chadderton and Allibone 2000). However, the ecology of the giant kokopu 
is poorly understood and an improved understanding of their habitat requirements and other 







Distribution of giant kokopu (O) (Galaxias argenteus) throughout New Zealand. Data obtained 
from the New Zealand Freshwater Fish Data base. D Indicates records within the Taieri River 
Floodplain prior to this research (for more information see Fig. 2) 
,, 
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Development of this thesis 
The development of this thesis was largely dependent on detecting suitable populations of 
giant kokopu on which various aspects of their ecology could be examined. The following 
describes the aims of various chapters and the variety of techniques that were used to initially 
locate giant kokopu and then to examine specific aspects of their ecology. 
Chapter 2 
The primary aim of this chapter was to conduct a fish distribution survey in the Taieri 
Floodplain to determine the distribution and diversity of fish species present. In particular the 
presence of giant kokopu was of particular interest. The Taieri Floodplain lies approximately 45 
km south-west of Dunedin on the east coast of New Zealand's South Island and is characterised 
by a variety of lentic and lotic habitats. Despite substantial sampling by numerous researchers 
prior to this study, only two individual giant kokopu had been recorded from the Taieri 
Floodplain in the last 40 years, one from Mill Stream (1994) and one from Silver Stream (1964) 
(Fig. 2, NZFFD). An additional four giant kokopu (three from Titri channel and one from the 
Sinclair Wetlands) were captured in August 1998 just prior to commencing this research (P. 
Ravenscroft DoC pers. comm, B. David unpublished data, Fig. 2) indicating that perhaps this 
species was more common than previous records indicated. A secondary aim of this research 
was to examine the influence of lake size and connectivity on the distribution of fish in the 
wetlands. It was hypothesised that small isolated lakes would be less diverse than larger 
connected lakes in which immigration and emigration of fish was possible. The fish 
communities in these wetlands were examined using a variety of active and passive fish sampling 
gears including gill nets, fyke nets, minnow traps, spotlights and seine nets. 
In summary the aims of Chapter 2 were: 
1. To determine the distribution of giant kokopu and other fish within lentic areas of the Taieri 
Floodplain. 2. To examine the influence of lake size and connectivity on the distribution of all 




Despite intensive sampling within more than 25 lakes, no giant kokopu were captured in 
the lentic survey. The lack of giant kokopu records from lentic habitats within the floodplain 
prompted a search for giant kokopu within lotic habitats, in particular small streams feeding into 
the floodplain. In addition to giant kokopu the presence and distribution of other species 
particularly brown trout in relation to giant kokopu was recorded. It has been suggested that 
brown trout may be responsible for the fragmented distribution seen in some native galaxiid 
species (Townsend and Crowl 1991). Giant kokopu were detected in each of the eight lotic 
habitats that were surveyed. Distribution and abundance of giant kokopu within streams was 
highly variable. Although not quantified, the presence of giant kokopu in streams appeared to 
coincide with certain basic habitat characteristics, in particular, pools that provided low flow and 
cover. In addition, giant kokopu appeared to be nocturnal, being visually located only at night. 
From this survey, two streams, Cullen's Creek and Alex's Creek (Fig. 2) were found to contain 
high densities of giant kokopu. This chapter also highlighted the effectiveness of using 
spotlighting as a rapid and effective survey method to examine the presence and longitudinal 
distribution of fish in streams. 
In summary the aims of Chapter 3 were: 
I. To determine the distribution of giant kokopu and other fish within lotic areas throughout the 
Taieri Floodplain. 2. To compare the longitudinal distribution of giant kokopu relative to brown 
trout. 
Chapter 4 
The two streams identified from Chapter 3 that contained high densities of giant kokopu 
were used to examine various aspects of giant kokopu ecology in greater detail. In this chapter I 
used radiotelemetry equipment to design a novel and original system capable of continually 
recording the activity of individual giant kokopu. The continuous recording of activity through 
time can provide valuable information relating to a fishes behavioural patterns and energetic 
requirements. Furthermore if the system is automated, activity may be recorded without 
disrupting natural patterns of behaviour (Matheney and Rabeni 1995, Harvey and Nakamoto 
1999). 
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In summary the aim of Chapter 4 was: 
1. To develop and test the potential of using a remote radiotelemetry system to continually record 
the activity of individual adult giant kokopu. 
Chapter 5 
The system designed and tested in Chapter 4 was used in association with point-in-time 
habitat use data in Chapter 5 to determine the home range and activity patterns of this species 
during the night and day throughout summer and winter. Recording such information was likely 
to be important for the future management of this species. In radiotelemetry, there is a tradeoff 
between the number of fish that can be studied and the amount of information that can be 
obtained from each individual. To some degree the number of individuals tagged depends on the 
aims of the study. In this chapter and the subsequent chapter, the number of fish implanted with 
radio-transmitters (n = 14) was also influenced by the threatened status of giant kokopu. In 
effect, much of the work presented in these two chapters is based on detailed information derived 
from a relatively small number of adult individuals. 
In summary the aims of Chapter 5 were: 
To record the activity of individual adult giant kokopu over 24 h periods during winter and 
summer. 2. To record point-in-time microhabitat use data for giant kokopu during the day and 
night throughout winter and summer. 3. To use activity data in association with point-in-time 
habitat use data to determine the home range of giant kokopu. 
Chapter 6 
While recording the activity; habitat use and home range information detailed in Chapter 
5, a number of high discharge events occurred. Given that fish were equipped with 
radiotransmitters, these events provided an ideal opportunity to examine the influence of high 
flow events on the movement and behaviour of giant kokopu. Given that the information known 
about fish behaviour during floods is poor, this study was likely to be important not only for the 
management of giant kokopu but also in providing information for the management of instream 
flows elsewhere. 
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In summary the aim of Chapter 6 was: 
I. To examine the movements of giant kokopu before, during, and after high discharge events. 
Chapter 7 
While conducting the telemetry based research in Chapters 4,5,6 it became evident that 
giant kokopu of varying sizes were occasionally active during the day in summer and could be 
observed in open water habitats. Although the 'appearance' of giant kokopu during the day was 
often unpredictable, I conducted a study to examine the interactions, movements and hierarchical 
organisation of individuals within stream pools by direct observations from hidden positions on 
the stream bank. 
In summary the aim of Chapter 7 was: 
1. To examine the spatial segregation, rate of movement and social interactions between 
individual giant kokopu within stream pools. 
Format of this thesis 
This thesis has been constructed as a series of chapters that represent individual papers 
prepared for publication in scientific journals. Some have been accepted for publication, are 
under review or have not yet been submitted. As a result of this format, some repetition within 
the chapters is evident, particularly in the Introduction and Method sections. Attempts to limit 
this were made by cross-referencing between chapters in some instances. The references for each 
chapter have been compiled at the end of the thesis for reasons of readability. All of the work 
conducted in this thesis is my own original work although discussions with various people helped 
to improve many of these ideas. My supervisor, Gerry Closs was instrumental in gaining funding 
for much of this research. He was also involved in developing and reviewing much of the work 
presented and as such is a co-author on some papers. Other people who have been invited to be 
co-authors include Peter McMurtrie for his dedicated assistance under trying field conditions in 
-=C=h=a""p=te=r~l~:_G=en=e=1=·a=l=in=t=ro=d=u=c=t=io=n~ ________________________ 8 
the Sinclair Wetlands (Chapter 2, manuscript in prep) and Rick Stoffels for his significant 
physical and intellectual contribution to the hierarchy study (Chapter 7, manuscript in prep). The 
contribution made by these people is noted here rather than in the text where 'I' rather than 'we' 
is occasionally used. 
Picnic-Gully Ck 0 10km 
Fig. 2 
The Taieri River Floodplain. Location and number of giant kokopu (GK) recorded within 







The distribution of fish in a coastal wetland complex, 
South Island, New Zealand 
The Sinclair Wetlands (November 1998) . 
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Abstract 
The distribution and relative abundance of fish within a coastal wetland complex (Sinclair 
Wetlands) were examined from November to December 1998. One of the main reasons for 
conducting this study was to determine whether giant kokopu (Galaxias argenteus) were 
common within the wetland. A total of 27 waterbodies of varying size and connectedness were 
sampled using a variety of fish sampling gears. Seven species were detected, of which European 
perch (Perea fluviatilis), common bully (Gobiomorphus cotidianus), and longfin (Anguilla 
dieffenbachii) and shortfin (Anguilla australis) eels were the most common and widespread. No 
giant kokopu were detected during this study. Physico-chemical parameters were similar 
between water bodies with the exception of salinity and conductivity which were distinctly 
higher in isolated waterbodies relative to connected waterbodies. This difference resulted in the 
separate clustering (MDS) of isolated lakes from connected lakes. When the distribution of fish 
communities were examined, small isolated lakes tended to cluster separately from all other lake 
types. Small isolated lakes generally maintained a lower relative abundance and diversity of 
species than all other lake types. This study potentially suggests that competition and predation 
by eels and perch rather than physico-chemical conditions were more important determinants of 
the observed fish communities in small isolated lakes. The failure to detect giant kokopu in these 
relatively unmodified wetlands suggests that factors other than habitat degradation may be 
responsible for their presumably low abundance. 
Key words: fish distribution, connectedness, lake size, isolated waterbodies, coastal wetland 
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Introduction 
The influences of biotic and abiotic processes on fish community structure in lentic 
systems have been well documented (Matthews 1998). While biotic variables such as predation 
and competition may be the main structuring forces in some lake systems (Keast 1978, Tonn 
1985), physico-chemical variables such as pH (Rahel 1984 1986, Havens 1993), depth (Matuszek 
and Beggs 1988, Rodriguez and Lewis 1997), dissolved oxygen (Tonn and Magnuson 1982, 
Rahel 1984) and turbidity (Brazner and Beals 1997, Rodriguez and Lewis 1997) may be 
important in others. In many instances however, both biotic and abiotic processes may be 
responsible for structuring species compositions (Hinch et al. 1991). 
Other factors that may influence fish community structure include lake size (surface area) 
and connectedness (degree of isolation). There is some evidence to suggest that larger lakes are 
likely to be more heterogeneous and consequently capable of maintaining higher fish species 
richness than smaller lakes (Rahel 1986, Robinson and Tonn 1989, Kodric-Brown and Brown 
1993, Rodriguez and Lewis 1997). Other studies have suggested that lake isolation rather than 
size is a better predictor of community structure, with connected lakes (lakes accessible to fish 
immigration and emigration) being more speciose than isolated lakes (Tonn and Magnuson 1982, 
Robinson and Tonn 1989). Intuitively then, it could be hypothesised that the smaller and more 
isolated a waterbody, the less diverse will be the community it supports. 
The Sinclair Wetlands in New Zealand's South Island form part of the Lower Taieri 
Floodplain and comprise a multitude of waterbodies differing in size and connectedness. Being 
in close proximity to the coast, connected waterbodies are influenced by tidal fluctuations and are 
thus accessible to diadromous fish species, whilst isolated lakes are presumably impermeable to 
fish colonisation in times other than floods. The fish fauna within these wetlands was unknown 
prior to this study and as such, the first objective was to determine the distribution and diversity 
of fish throughout the wetland. In particular, one of the primary reasons for conducting this 
research was to determine the status of an endemic and currently threatened species of galaxiid, 
the giant kokopu (Galaxias argenteus). 
Records for giant kokopu within the Lower Taieri Floodplain (excluding Sinclair 
Wetlands) are sparse with only two single documented records (New Zealand Freshwater Fish 
Data base - NZFFD). An additional four giant kokopu (three from a Lake Waihola channel and 
=C=h=a~pt=e=r~2~:=F~is=h.c._.=d1=·s=tr=ib=u=t=io=n~in""--=a~c=o=as=t=al~w"-'-=e=tl=an=d=-=c=o1=n~p=le=x"'--~~~~~~~~~~~~~l2 
one from the Sinclair Wetlands) were captured in August 1998 just prior to commencing this 
study (see Chapter 1), indicating that perhaps this species was more common than initially 
thought. Since habitat degradation is thought to be one of the primary reasons for decline in giant 
kokopu abundance (McDowall 1990 a), it was predicted that the relatively unmodified habitats 
within the Sinclair Wetlands may support significant populations of this species. 
The second objective of this study was to assess biotic and abiotic factors that may be 
involved in structuring fish communities in the Sinclair Wetlands. It was predicted that lake size 
and/or isolation were more important determinants of fish community structure than various 
physico-chemical variables and that biotic variables such as predation may become more 
influential in smaller closed systems than in larger connected waterbodies. 
Methods 
STUDY SITES 
The Sinclair Wetlands lie 33 km south-west of Dunedin in New Zealand's South Island 
(45° 59' S, 170° 06' E) and comprise c. 2000 ha (Fig. 1). This area once formed part of a more 
extensive wetland that encompassed the Taieri and Waipori River floodplains (Q.E. II National 
Trust 1997). Although there is evidence of failed development attempts, the wetlands have 
remained unaltered since 1956 and indigenous vegetation comprising flax (Phormium tenax), 
sedges (Carex sp) and raupo (Typha muelleri) dominates (Q.E. II National Trust 1997). 
Geographic Information System (GIS) mapping of a recent (1997) aerial photograph identified> 
70 lentic waterbodies of differing size and connectivity (C. Arbuckle, unpublished data). The 
process leading to the formation of these waterbodies is unclear, but geological data indicate that 
previously collapsed peat bogs may have created the waterbodies that currently exist (Q.E. II 








Waterbodies of varying size and connectivity (n = 27) sampled for fish during this study. LI = 
large isolated, LC = large connected, MI = medium isolated, MC = medium connected and SI = 
small isolated 
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Anecdotal reports indicate that the wetlands and the entire floodplain were inundated 
during the one-in-50 year flood that occurred in 1994. Thus the fish present in non-connected 
waterbodies represented a community that had been isolated for four years. In contrast, 
connected waterbodies were accessible to fish immigration and emigration during this period. 
Although the fish fauna in the Sinclair Wetlands was unknown prior to this study, knowledge 
from neighboring waterbodies and other coastal systems suggested that diadromous species such 
as inanga (Galaxias maculatus), common bully (Gobiomorphus cotidianus), smelt (Retropinna 
retropinna), longfin (Anguilla dieffenbachii) and shortfin eels (Anguilla australis), black flounder 
(Rhonibosolea retiaria), giant bully (Gobiomorphus gobiodies), giant kokopu (Galaxias 
argenteus), and two introduced species, brown trout (Salmo trutta) and European perch (Perea 
fZuviatilis) were potentially present (Kattel 1999, NZFFD). 
SAMPLING PROTOCOL 
Lake sizes were determined using GIS mapping of aerial photographs. A total of 72 lentic 
waterbodies were identified. Based on their surface area, waterbodies were a priori allocated 
into large, medium and small size categories (Table 1). Nine lakes from each size category and 
hence a total of 27 waterbodies were randomly chosen for this study (Fig. 2). Within each size 
category, waterbodies were deemed to be either connected (fish immigration/emigration possible, 
via tidally influenced channels) or isolated (fish immigration/emigration not possible, no 
connection with tidally influenced channels). Assessment of connectivity was initially 
determined using aerial photographs and confirmed in the field by circumnavigating each 
waterbody prior to sampling. Due to the nature of small lake formation, no small connected lakes 
could be found, and all small lakes sampled were isolated (Fig. 2). Sampling commenced on 12 
November and concluded on 16 December 1998. 
Salinity, conductivity, dissolved oxygen and water temperature were measured using a 
YSI 85 meter, with pH (portable field pH meter), turbidity (Secchi disk), and maximum depth 
also recorded. All variables were recorded 10 cm under the surface at the centre of each 
waterbody prior to fish sampling. Air temperatures and rainfall for the study region were 
obtained from the National Institute of Water and Atmospheric research (NIWA) unit at Dunedin 
Airport c. 5 km away. 
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Table 1 
Status (isolated or connected), size (large= L, medium= Mand small= S) and area (hectares) of 
each pond sampled during this study. 
Pond Statu~ Size Area (Ha) 
1 connected L 8.71 
2 connected L 8.53 
3 connected L 7.79 
4 connected L 6.77 
5 connected L 3.32 
6 isolated L 3.17 
7 isolated L 2.66 
8 isolated L 2.53 
9 isolated L 8.44 
10 connected M 0.55 
11 connected M 0.67 
12 connected M 0.62 
13 isolated M 0.98 
14 isolated M 0.79 
15 isolated M 0.54 
16 isolated M 0.46 
17 isolated M 0.39 
18 isolated M 0.33 
19 isolated s 0.08 
20 isolated s 0.04 
21 isolated s 0.08 
22 isolated s 0.06 
23 isolated s 0.03 
24 isolated s 0.02 
25 isolated s 0.04 
26 isolated s 0.03 
27 isolated s 0.02 
Each lake was sampled for fish species using fyke nets (1.5 cm mesh, 50 cm aperture 
height and 400 cm lead length) and collapsible 'minnow' traps (Gansel Aust, 0.5 cm mesh size). 
In order to maintain a degree of uniformity of sampling effort across lake sizes, large lakes were 
sampled with five fyke nets and 10 minnow traps, medium lakes with three fyke nets and six 
minnow traps and small lakes with two fyke nets and four minnow traps. Fyke nets were set 
perpendicular to shore and anchored using chain links whilst minnow traps were set in pairs with 
one bottom set and one surface set. Chain links were used to anchor minnow traps to the bottom 
and used in conjunction with a trailing rope lead and float in surface sets. On each sampling 
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occasion all mmnow traps except one were baited with freeze-dried tubifex worms and 
marmite™. The non-baited minnow trap was always set on the surface and equipped with a 
luminescent stick to attract any potentially phototaxic fish. All fykes and minnows were set 
overnight and collected the following morning. Upon retrieval, each fish captured was identified, 
measured for length and returned to the water. Fish numbers are expressed as the mean number 
of fish captured/hour or catch per unit effort (cpue). 
A variety of other fish sampling methods were used throughout this study in an attempt to 
detect as many species as possible within a given waterbody. Other methods used included gill 
nets, seine nets, and spotlighting. In most instances however only some of these techniques could 
be deployed in a given lake due to various reasons. For example, seining was only possible in 
waterbodies where the substrate permitted its effective use and spotlighting was only effective 
when lake substrates remained undisturbed (i.e from a boat). Since none of these other 
techniques detected any additional species to those recorded using fyke and minnow traps and 
could not be quantitatively compared between lakes, these data have been omitted from the 
analyses. 
ANALYSES 
Physico-chemical factors and fish communities within lakes of varying size and 
connectedness were analysed by ordination in Primer 5 for Windows (Clarke and Warwick 
1994). The data were standardised, which adjusted the values to the percentage contribution of 
each species in each waterbody, then summarised using Hierarchical Agglomerative Clustering 
as a matrix of Bray-Curtis similarities. Multi-Dimensional Scaling (MDS) was used to construct 
a two-dimensional ordination (map) of the samples in an attempt to satisfy all the conditions 
imposed by the rank similarity matrix (Clarke and Warwick 1994). Differences in groups in 
ordination space were examined using analysis of similarities (ANOSIM) which is a non-
parametric permutation procedure that tests whether rank similarities within an a priori group are 
less than those between groups (Clarke and Warwick 1994). One-way ANOSIM was then used 
to test for any differences in species assemblages between large isolated, large connected, 





Alllbient air telllperature over the study period ranged frolll -2.1 to 24.3°C (Fig. 3 a) with 
rainfall averaging 1.6 llllll per day (Fig. 3 b). Ordination of physical and chelllical para1Tieters 
resulted in the separate clustering of isolated lakes frolll connected lakes, irrespective of lake size 
(ANOSIM P = 0.01), indicating that isolated lakes were in sollle way different to connected lakes 
(Fig. 4). 
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MDS of all physico-chemical parameters (salinity, conductivity, depth, water temperature 
dissolved oxygen and pH). LC= large connected, LI= large isolated, MC= medium connected, 
MI = medium isolated, SI = small isolated 
Examination of individual parameters indicated that this difference was due to the 
distinctly higher salinity and conductivity values recorded in isolated lakes (Fig. 5 a, b). All 
other parameters including lake depth and water temperature (Fig 5 c, d) and dissolved oxygen 
and pH (Fig. 5 e, f) were similar between lakes irrespective of their size or degree of isolation. 
Due to pond shallowness and clarity, a Secchi turbidity depth measure could not be recorded for 
any waterbody as it was greater than the maximum lake depth. 
·r 
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Fig. 5 
Dot histograms for salinity a), conductivity b ), depth c ), water temperature d), dissolved 
oxygen e), and pH f) within large connected (LC), large isolated (LI), medium connected 
(MC), medium isolated (MI) and small isolated (SI) ponds. Numbers in parentheses indicate 
the number of ponds sampled within each size/status category 
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FISH DIVERSITY AND RELATIVE ABUNDANCE 
A total of seven species were captured during this study including European perch, 
common bully, shortfin eel, longfin eel, inanga, common smelt and brown trout. European perch 
were numerically dominant although common bully, shortfin eels and longfin eels were also 













SFE LFE CB BT EP IN SM 
Fish Species 
Fig. 6 
Total number of fish captured from 27 ponds in the Sinclair Wetlands during November/ 
December 1997 using fyke nets and minnow traps. SFE = short fin eels, LFE = longfin eels, CB 
= common bully, BT= brown trout, EP = European perch, IN= inanga, SM= smelt 
The MDS ordination and ANOSIM indicated that large and medium waterbodies 
regardless of connection, were relatively similar with respect to the fish communities they 
contained. Small isolated lakes tended to cluster separately indicating that the fish community in 
small isolated lakes was generally different (Fig. 7). 
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Fig. 7 
Fish Community stress = 0.14 
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MDS of all fish species ( common bullies, European perch, brown trout, inanga, 
smelt and longfin and shortfin eels). LC= large connected, LI= large isolated, MC= medium 
connected, MI = medium isolated, SI = small isolated 
When species diversity was considered, small isolated lakes generally supported fewer 
species than all other lake types (Fig. 8). In particular, longfin eels (Fig. 9 a) and European perch 
(Fig. 9 b) were rarely captured in small lakes with each species only captured in two of the nine 
ponds. Only common bullies and shortfin eels were regularly detected in small isolated 
waterbodies (Fig. 9 c, d). Shortfin eels were the only species detected in all 27 waterbodies 
sampled. 
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Fig. 8 
Dot histograms for fish species richness within large connected (LC), large isolated (LI), medium 
connected (MC), medium isolated (Ml) and small isolated (SI) ponds. Numbers in brackets 
indicate the number of ponds sampled within each size/status category 
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Fig. 9 
Dot histograms for capture rate (fish/h) of the dominant fish species, longfin eels a), European 
perch b), common bullies c), and shortfin eels d), within large connected (LC), large isolated 
(LI), medium connected (MC), medium isolated (MI) and small isolated (SI) ponds. Numbers 
in parentheses indicate the number of ponds sampled within each size/status category. 
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SIZE STRUCTURE AND DISTRIBUTION OF EUROPEAN PERCH 
Capture rates of perch between waterbodies were highly variable (Fig. 9 b). The majority 
of perch captured (83 % of total n = 640) were recently hatched juveniles (15-40 mm) with only 2 
% (n = 14) of those captured attaining sizes over 130 mm in length (Table 2). Juvenile perch 
were captured from most (14/18) large and medium waterbodies irrespective of their connected 
or isolated status. In contrast, juvenile perch were only captured in one out of the nine small 
isolated ponds. No perch from any other size class were detected in small isolated lakes except 
for the capture of one large adult (215 mm+) from a single pond. 
Table 2 
Total numbers of European perch of various size classes captured in each pond throughout the 
Sinclair Wetlands. C = connected and I = isolated status 
Pond Status Size 15-40mm 75-110mm 130-200mm 215mm+ 
1 C L 0 0 0 0 
2 C L 0 0 0 0 
3 C L 7 2 0 0 
4 C L 0 0 0 0 
5 C L 25 1 0 0 
6 I L 29 57 5 0 
7 I L 4 20 0 1 
8 I L 8 3 0 1 
9 I L 1 0 0 0 1 
total 83 83 5 3 
1 0 C M 90 1 0 0 
11 C M 14 0 0 0 
12 C M 4 0 0 1 
13 I M 282 3 0 0 
14 I M 4 4 0 2 
15 I M 13 1 0 0 
16 I M 1 0 4 0 0 
17 M 0 0 0 0 
18 M Q Q 2 Q 
total !1::lZ :l 3 2 3 
19 s 30 0 0 0 
20 s 0 0 0 0 
21 s 0 0 0 1 
22 s 0 0 0 0 
23 s 0 0 0 0 
24 s 0 0 0 0 
25 s 0 0 0 0 
26 s 0 0 0 0 
27 s 0 0 0 0 
total 30 0 0 1 
total 530 96 7 7 
% 83% 15% 1% 1% 
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Discussion 
Water quality paraITieters in lakes across the Sinclair Wetlands were siITiilar with the 
exception of salinity and conductivity in isolated ponds. The higher conductivities observed in 
isolated waterbodies Inay have resulted froITI continual evaporation of fresh water creating a Inore 
saline environITient. Although the wetlands are tidally influenced, the low conductivity values 
recorded in connected waterbodies suggest that the tidal rise and fall was due priITiarily to the 
'backing-up' of freshwater that was entering froITI surrounding catchITients rather than saline 
intrusion. The range of physico-cheITiical values observed during this study suggest an 
environITient within the tolerance levels of the fish species present (McDowall 1990 a). None of 
the variables recorded appeared to influence the distribution or relative abundance of particular 
fish species, with the doITiinant species detected across all lake types. 
Seven fish species were detected in this study including five native diadroITious species 
and two introduced species. Of these, only European perch, coITIITion bullies and short and 
longfin eels were doITiinant and widespread. One of the Inain reasons for conducting this study 
was to deterITiine whether giant kokopu, a threatened galaxiid species was present within these 
wetlands. A sITiall nuITiber of individuals were captured near the wetlands during a single day 
survey three Inonths prior to this study (Chapter 1). However, despite a Inuch Inore intensive 
sainpling effort with various fish sainpling gears, none were captured or observed during this 
study. This is soITiewhat surprising given that giant kokopu are co1TIITionly encountered in siITiilar 
wetland habitats in Westland on the west coast of the South Island (Bonnett 2000). While habitat 
degradation is thought to be a key factor liITiiting giant kokopu abundance (Chadderton and 
Allibone 2000), their absence froITI the relatively unITiodified wetlands in this study suggests that 
factor(s) other than habitat degradation Inay be responsible for their absence. 
FISH STRUCTURE AND RELATIVE ABUNDANCE 
The second aiITI of this study was to exaITiine the iinportance of lake size (surface area) 
and degree of isolation on fish distribution and abundance. The effect of lake connectivity in 
explaining fish diversity and abundance was weak with Inost species being detected in both 
isolated and connected waterbodies. Lake size on the other hand appeared to be Inore influential 
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with a lower diversity and relative abundance of fish detected in small lakes compared with 
medium or large lakes. Lake surface area has been shown to be a good predictor of species 
diversity in other systems (Tonn and Magnuson 1982, Eadie and Keast 1984, Matuszek and 
Beggs 1988, Minns 1989). It should be noted, however, that the diversity of fish detected in this 
study was relatively low (seven species) across all lakes. 
When the relative abundance of individual fish species was assessed it was evident that 
few European perch were present in small lakes. Perch were only captured in two out of the nine 
small isolated lakes, with a single large individual captured in one pond and 30 juvenile perch 
captured in the other. On the other hand, perch were captured in all but one of the other nine 
large and nine medium sized ponds (irrespective of their connected or isolated status) indicating 
that lake size may influence perch distribution in the Sinclair Wetlands. In a study conducted in 
three small Scottish lakes, Treasurer (1993) suggested that the low abundance of perch was likely 
to be the result of cannibalism by 16+ cm individuals rather than abiotic factors. Given that only 
one large perch was captured from a single small pond in this study, it is impossible to comment 
on the importance of cannibalism in controlling perch in small ponds within the Sinclair 
Wetlands. Nevertheless, recent research (conducted immediately following this study) suggests 
that fish and zooplankton communities within these small ponds are influenced by the presence 
of large European perch (Ludgate 2001). In addition to potential cannibalism, predation on perch 
by eels, particularly shortfin eels (which were captured in all nine small ponds) may also partially 
explain the low numbers of perch in small isolated ponds. 
Perch were the most abundant species captured during this study, but captures were often 
highly variable both within and between waterbodies. One possible explanation may be related 
to schooling behaviour. During this study juvenile perch were observed in dense and relatively 
sedentary shoals whilst larger fish were occasionally seen in schools. In many instances the 
majority of perch recorded in a particular lake were captured from one or two nets (and 
occasionally none). Thus the variability in capture of perch between waterbodies, (particularly 
larger waterbodies) was likely to be an artifact of sampling with passive sampling equipment. 
When the distribution and abundance of long and shortfin eels were compared the most 
notable difference between the two species was the virtual absence of longfin eels from small 
isolated lakes (only two individuals captured from nine ponds). Although information is limited, 
higher densities of shortfin eels tend to occur when densities of longfin eels are low (McDowall 
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1990 a). Irrespective of the low number of longfin eels captured from small lakes, eels in general 
were captured in relatively high densities compared to other commercially fished areas (T. Broad 
pers. comm). Although the wetlands have occasionally been opened to limited eel fishing in the 
past (Q.E. II National Trust 1997), the high densities and extensive distribution of eels within the 
wetlands suggest that relatively small lentic habitats can act as a refuge area for these species. 
The potential of refuge reserves to sustain exploited fisheries worldwide has been the basis of 
recent discussion (Murray et al. 1999). 
Interestingly, of the dominant species, common bullies were the only fish species that did 
not decrease in relative abundance as lake size decreased. The abundance of common bullies in 
isolated lakes, not only in this study but elsewhere in New Zealand provides further evidence that 
diadromy in this species is facultative rather than obligatory. 
t, 
Chapter 3 
Distribution of fish in streams of the lower Taieri 
River Floodplain, South Island, New Zealand 
Summer spotlight survey, Alex's Creek (February 1999) 
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Abstract 
The distribution of fish within eight small streams feeding into a coastal floodplain on the 
east coast of New Zealand's South Island was examined. A total of eight native and two 
introduced species were recorded. Eels (Anguilla sp) and giant kokopu (Galaxias argenteus) 
were the most widely distributed species being located in all streams surveyed. Common bullies 
(Gobionwrphus cotidianus) and brown trout (Salnw trutta) were also widely distributed being 
detected in seven and six of the streams respectively. Three streams of potential conservation 
significance were identified. These were; Picnic Gully Creek which contained a significant 
population of banded kokopu, Galaxias fasciatus (a 3rd priority threatened species) and Cullen's 
and Alex's Creeks which contained significant populations of giant kokopu ( a 2nd priority 
threatened species). The populations of giant kokopu in Cullen's and Alex's Streams currently 
represents the largest known on the east coast of New Zealand (excluding Southland). It has been 
suggested that brown trout may influence the distribution of native galaxiids. In order to examine 
the longitudinal distribution of giant kokopu and brown trout in streams, a continuous spotlight 
sampling approach was used. Distributions of these two species rarely overlapped at a local 
scale. Coarse habitat use data indicated that brown trout regularly occupied a variety of habitat 
types including modified agricultural channels. In contrast, giant kokopu rarely used agricultural 
channels, being predominantly located in pool habitats. Both habitat requirements and 




A variety of biotic and abiotic variables may influence the distribution and structure of 
fish in streams (Cadwallader 1979, Townsend and Crowl 1991, McDowall 1993, Pausch et al. 
1994, Closs and Lake 1996, Zampella and Bunnell 1998). While biotic variables such as 
predation and competition may be the main structuring force in some streams (Power et al. 1985, 
Harvey et al. 1988) abiotic variables such as cover and depth may be equally important in others 
(Inoue et al. 1997). Different physical and biological variables may influence fish assemblages at 
different scales (e.g. Pausch et al. 1994). Consequently, whilst a geographic region may have a 
high diversity of fish species, the diversity within a single stream, or at an even finer scale, at a 
single 'locality' ( e.g. an individual pool or riffle) within a stream, is likely to be less speciose and 
determined by different factors, relative to the larger scale. 
There have been a number of studies conducted m New Zealand examining the 
distribution patterns of fish in streams and catchments (e.g. Hayes et al. 1989, Minns 1990, 
Jowett and Richardson 1995, Jowett et al. 1996, Chadderton and Allibone 2000, Joy et al. 2000). 
From these studies it is evident that fish diversity and abundance tends to decrease with 
increasing distance from the sea (McDowall 1993). This is not surprising given that 
approximately half of New Zealand's freshwater fish fauna have diadromous life histories 
(McDowall 2000). In effect fish communities in coastal streams are often amongst the most 
diverse in New Zealand (Jowett and Richardson 1996, Richardson and Jowett 1996). 
The Taieri River Floodplain is situated on the east coast of New Zealand's South Island 
and is thus accessible to a variety of diadromous fish species. Although some sampling 
(primarily electric-fishing) has been conducted in some streams (New Zealand Freshwater Fish 
Data base, NIWA), the distribution of fish in small (211 c1 to 3rci order) streams feeding the 
floodplain are relatively unknown. While electric-fishing is a useful sampling tool, the sampling 
effort required can be high limiting the area of habitat sampled. Many fish species may, 
however, exhibit defined and uneven longitudinal distributions within streams. Furthermore, 
some species may be present in low abundance or be restricted to single pools (Taylor 1997) thus 
decreasing the probability of detecting them. To effectively record fish diversity and their 
distribution within a stream, extensive and, ideally, continuous longitudinal sampling may be 
required (Hankin and Reeves 1988). Although this is generally not possible in most instances, 
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one particular method enabling extensive stream distances to be covered relatively rapidly and 
effectively is spotlighting at night (McCullough 1998). 
Spotlighting has been recognised as an effective method to detect some of New Zealand's 
larger and primarily nocturnal native galaxiids (McCullough 1998, McDowall 2000). One such 
species, the endemic and currently threatened giant kokopu (Galaxias argenteus) was a particular 
focus of this study. Prior to this study, only two individual giant kokopu had been recorded from 
the Taieri River Floodplain (New Zealand Freshwater Fish Data base - NZFFD) although an 
additional three giant kokopu were captured in September 1998 (Chapter 1). The lack of records 
for the Taieri River Floodplain are consistent with the low number of giant kokopu records 
available on the east coast of New Zealand (NZFFD). 
The supposed decline in abundance of giant kokopu is thought to be related to either 
habitat degradation and/or competition with introduced salmonids (Main 1988, McDowall 1990 
a, Chadderton and Allibone 2000). However mechanisms controlling their current distributions 
are unclear. The influence of introduced salmonids in structuring distributions of other galaxiid 
species in the Southern Hemisphere has been examined by numerous researchers (Fletcher 1979, 
Townsend and Crowl 1991, Crowl et al. 1992, McIntosh et al. 1992, Ault and White 1994, Closs 
and Lake 1996). In most instances salmonids appear to out-compete and/or predate on galaxiids 
causing their distributions to become fragmented or contracted. There is some evidence to 
suggest that co-existence between brown trout and giant kokopu is not common (McDowall 1990 
a), although the two species do occasionally exist at a local scale (Bonnett 2000). 
This study had two primary objectives. The first objective was to determine the diversity, 
regional distribution and relative abundance of all fish species (though particularly giant kokopu) 
from eight small (2nd to 3rd order), streams feeding the Taieri Floodplain. The second objective 
was to examine the distribution of giant kokopu and introduced brown trout, Salmo trutta at a 
finer scale and to determine whether their distributions overlapped within streams. 
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Methods 
STUDY SITES 
The Taieri River Floodplain (45° 59' S, 170° 06' E) is fed by two major rivers, the 
Waipori and Taieri. Eight small tributaries entering the floodplain were chosen for this study. 
Lee, Cullen, Alex and Boundary Creek entered the Waipori River system whilst Owhiro, Mill, 
Flagstaff and Picnic Gully Creek entered the Taieri River system (Fig. 1). 
South Pacific Ocean 
Picnic-Gully Ck 0 5 10 15k 
Fig.1 
The Taieri Floodplain. ~ indicates streams surveyed by spotlight during this study 
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All of these tributaries (excluding Picnic Gully Creek) have been channelised in their 
lower reaches to prevent flooding, and although stream sinuosity in the middle and upper reaches 
of these streams does persist, the surrounding landscape in most instances has been modified to 
some extent. Grazing by livestock is common in the lower to middle reaches of most streams 
whilst the upper reaches are generally characterised by a mixture of native and/or exotic 
vegetation. Two streams, Owhiro Stream and Picnic Gully Creek are particularly different to the 
other six streams. Owhiro Stream is modified for most of its length and flows through an urban 
area for a short distance, while Picnic Gully Creek is unmodified and contains an intact native 
riparian margin. All streams are within 40 km of the sea, the closest being Picnic Gully Creek 
(within 1 km) and the furthest being Flagstaff Creek (within 37 km) (Fig. 1). Of the eight 
streams, three (Cullen's, Alex's and Boundary) drain directly into lentic habitats (within the 
Waihola/Waipori Wetland complex) connected to the Waipori River (Fig. 1). 
STREAM SELECTION AND SAMPLING TECHNIQUE 
This survey was conducted from mid-summer through early autumn (January-April 
1999), considered to be the time of maximum species diversity in New Zealand streams with the 
majority of annual diadromous species present in freshwater (Hayes et al. 1989). The streams 
selected in this study were based on their suitability for sampling by spotlight. Suitability was 
based on the following characteristics; size (2nd to 3rd order), depth (max < 2 m), width (max < 4 
m), clarity (visibility to the stream bed), length (less than 10 km in length), distance to sea ( < 40 
km), year round flow (permanent) and accessibility to diadromous species (no artificial structures 
blocking passage to or from the sea). Of the streams present within the floodplain, eight met 
these criteria. All sampling was conducted using an 80 watt spotlight with a narrow beam (40 cm 
diameter at 5 m) and a sealed lead-acid battery pack (12 v Portalac). Fish were detected by 
walking quietly upstream and slowly scanning the spotlight beam from bank to bank c. 2 m 
upstream of the observer. Using this method most fish species appeared unperturbed and in most 
instances were easily identified. 
Streams were spotlit during base flow conditions commencing after 2200 hours on all 
nights and concluding before 0630 the following morning. Each stream was spotlit in a 
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continuous manner from its most downstream end (junction with another major waterbody) to its 
upper reaches. Upstream movement in the upper reaches of four streams (Cullen's, Boundary, 
Lee, Flagstaff) was interrupted by natural waterfalls (> 3 m in height) at which point sampling 
was concluded. Other factors preventing upstream movement during spotlighting (e.g extremely 
dense riparian vegetation) are indicated on individual figures in the results. Although I attempted 
to survey each stream during a single night/morning, four of the eight streams (Owhiro, Alex's, 
Mill, Lee) were sampled over two nights. This was unavoidable and occurred in streams that 
were particularly long and/or where the abundance of fish present was high, thus slowing 
upstream progress and ultimately sampling distance. 
Identifying short and longfin eels by spotlight was often difficult and although both 
species were seen, reliable identification for all individuals was not possible. Consequently 
abundance estimates for eels represent both species combined. 
ADVANTAGES AND DISADVANTAGES OF SPOTLIGHTING 
The spotlight sampling method has a number of limitations. For instance, fish abundance 
is likely to be underestimated in habitat types with high surface turbulence (e.g. riffles) relative to 
habitats with little or no turbulence (e.g. pools). Furthermore, estimates may be biased toward 
larger fish since smaller fish are less conspicuous, particularly when associated with turbulent 
habitats. In a study to determine the accuracy of spotlighting banded kokopu (Galaxias 
fasciatus), McCullough (1998) estimated that on average, 64 % of the population was detected 
using the spotlighting method (actual population estimates determined using multiple pass 
electric-fishing). In addition, spotlighting was found to be less efficient for juvenile fish (40-70 
mm) with 40 % of the estimated population observed. While I acknowledge the limitations of 
this technique, and express caution when interpreting abundance estimates (particularly of 
smaller species), I considered spotlighting to be particularly useful in this study because: 1. It is 
an effective technique for detecting giant kokopu and a variety of other native species (due to 
their nocturnal tendencies). 2. It is rapid, thus enabling longer stream reaches to be sampled 
compared with other sampling techniques (e.g. electric fishing, fyke netting). 3. It enables 
longitudinal changes in species distributions to be identified at a fine scale. 
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LONGITUDINAL DISTRIBUTION OF GIANT KOKOPU AND BROWN TROUT 
While spotlighting may be less effective for determining longitudinal distributions of 
small fish species, accuracy is likely to be greater for larger, more conspicuous species. For this 
reason I restricted my examination of longitudinal fish distributions to the two largest species; 
giant kokopu and brown trout ( eels were disregarded because reliable taxonomic separation of 
short and longfin eels was not possible). 
To describe the longitudinal distributions of these two species, a Global Positioning 
System (GPS) point was taken c. every 80-100 m while spotlighting. Each GPS point provided a 
reference location ( +/- 15 m, maximum accuracy possible in 1999) that was later used together 
with fish distribution data to plot the longitudinal distribution of giant kokopu, relative to brown 
trout in each stream. An aerial photograph of each stream was scanned into a Geographic 
Information System (GIS) program onto which the GPS points and fish distributions were 
plotted. The sum of the distance between each of the GPS points (determined using the GIS 
program) represented the total stream distance surveyed from which a coarse estimate of fish 
abundance (number of fish/km) was calculated. 
HABITAT USE COMPARISONS - GIANT KOKOPU AND BROWN TROUT 
To assess and compare the habitat used by giant kokopu and brown trout I classified 
stream morphology into five coarse habitat types (modified from Hayes et al. 1989, Chadderton 
and Allibone 2000). These were subjectively categorised into agricultural channel (modified 
stream channel with uniform depth and width), backwater (distinct areas connected to main 
channel but lacking flow), pool (smooth, slow flow), riffle (fast broken water) and run (fast water 
deeper than riffle, unbroken surface). Each time a fish was located, its length and the stream 
morphology category in which it was present were recorded. Lengths of both species were 
measured either directly (by capture with a dip net) or visually estimated. Visual size estimates 
were likely to be accurate to within 2 cm for fish under 15 cm and accurate to within 3 cm for 
fish larger than 15 cm (based on estimates of fish length prior to their capture). Giant kokopu::;; 
10 cm were classified as small young of the year fish (Jellyman 1979) as were brown trout 
(Elliott 1994). Individuals of both species> 10 cm were classified as large. Though an arbitrary 
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distinction, the purpose of segregating fish into different sizes was to determine whether small 
(young of the year) fish used stream morphologies that were consistently different to larger (1 +) 
fish. Morphologies used by all individuals of a species and within each size category were 
pooled for all eight streams surveyed. Habitat use was expressed as the proportion of time that 
each species was detected in each of the five morphology types. Since available habitat was not 
measured (impractical due to the extensive stream lengths surveyed), comparisons of habitat use 
could only be made between the two species. 
In order to examine whether recent recruitment (within the last 2 years) had occurred 
within each stream, the size distribution of brown trout and giant kokopu was examined. 
Individual fish were categorised into one of eight size classes (from 0-5 cm then in 5 cm 
increments to 35+ ). I acknowledge that some fish may have been allocated to the incorrect size 
category (due to error associated with visual size estimates). Nevertheless, I considered visual 
size estimates to be sufficiently accurate to enable the basic size structure to be described. 
Results 
LANDSCAPE DISTRIBUTION, DIVERSITY AND ABUNDANCE - ALL SPECIES 
Ten species of fish were recorded from the eight streams surveyed, namely shortfin eels 
(Anguilla australis), longfin eels (Anguilla dieffenbacchi), common bully (Gobiomorphus 
cotidianus), redfin bully (Gobiomorphus huttoni), koaro (Galaxias brevipinnis), inanga (Galaxias 
maculatus), banded kokopu (Galaxias fasciatus), giant kokopu (Galaxias argenteus) and 
introduced European perch (Perea fluviatilis) and brown trout (Salmo trutta). Eels (Anguilla 
spp.) and giant kokopu were the most widely distributed species being located in all eight streams 
surveyed (Table 1). Common bullies and brown trout were also widely distributed being detected 
in seven and six of the streams, respectively. Of the remaining species, inanga were detected in 
five streams, koaro and redfin bullies in four and European perch in two streams. Banded kokopu 
were the least widely distributed species, being recorded in only one stream (Picnic Gully Creek). 
Table 1 
Total distance (T dist) of each stream surveyed by spotlight and the estimated abundance of giant kokopu (GK), brown trout (BT), 
shortfin and longfin eels (Eel), common bully (CB), European perch (EP), inanga (IN), koaro (KO), redfin bully (RFB) and banded 
kokopu (BK) per km of stream. 
Stream T dist (m) GK/km BT/km Eel/km CB/km EP/km IN/km KO/km RFB/km BK/km Total fish/km 
Owhiro 3586 3.6 0.0 2.5 32.3 0.0 1.1 0.0 0.0 0.0 39.6 
Alex 2684 65.6 0.4 16.4 12.7 0.0 20.1 0.0 0.7 0.0 115.9 
Cullen 1208 38.1 3.3 9.1 24.8 0.8 145.7 0.8 0.8 0.0 223.5 
Lee 3925 3.8 144.7 11.7 65.5 0.0 0.8 1.5 0.3 0.0 228.3 
Mill 3479 8.9 135.1 10.6 0.3 0.0 0.0 0.0 0.0 0.0 154.9 
Boundary 2712 5.5 39.8 6.6 6.3 6.6 4.8 0.0 0.0 0.0 69.7 
Flagstaff 1731 2.9 47.9 4.0 0.6 0.0 0.0 3.5 0.0 0.0 58.9 
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The highest estimated abundance of giant kokopu was within Alex's Creek (66 fish/km) 
and Cullen's Creek (38 fish/km). Alex's Creek also contained the highest abundance of eels (16 
fish/km). Common bullies were most frequently encountered in Lee Creek (66 fish/km) as were 
brown trout (145 fish/km). Trout were also particularly abundant in Mill Stream (135 fish/km). 
Banded kokopu, though recorded from only one stream, exhibited the highest estimated 
abundance of any single species within a stream (219 fish/km) (Table 1). Of the streams 
surveyed, Mill Stream and Owhiro Stream were the least diverse, each containing four species 
and Cullen's Stream the most diverse with eight species (Table 1). 
LONGITUDINAL DISTRIBUTION - GIANT KOKOPU AND BROWN TROUT 
The longitudinal distribution and abundance of brown trout and giant kokopu differed 
greatly both within and between streams. Although brown trout and giant kokopu were both 
present in six of the eight streams surveyed, distributions of these two species rarely overlapped 
at a local scale. Perhaps the most obvious segregation between these two species occurred in the 
middle reaches of Mill Stream where the longitudinal distribution of trout ended and that of giant 
kokopu began (Fig. 2 a). Similarly, segregation between these two species was also evident in 
Lee Creek, (though at a finer scale) whereby the majority of giant kokopu were located in two 
adjacent pools from which trout were absent (despite trout being abundant immediately upstream 
and downstream) (Fig. 2 b). In contrast, the segregation between kokopu and trout was less 
defined in Boundary Creek (Fig. 2 c). Though giant kokopu tended to be more prevalent toward 
the upper reaches where brown trout were less abundant, distributions of these two species did 
exhibit some overlap and both species were occasionally seen together at a local scale (ie in the 
same pool). The tendency for giant kokopu to be distributed toward the middle to upper reaches 
of streams was also evident in Cullen's Creek and Alex's Creek where giant kokopu were 
particularly abundant (Figs. 2 d, e). In contrast to Mill Steam and Lee Creek, both of these 
streams contained few trout. In Flagstaff Creek brown trout were relatively common and 
consistently distributed throughout the stream (Fig. 2 f). Although giant kokopu were 
occasionally detected, their abundance was too low to comment on any distribution pattern. 
Owhiro stream contained the lowest densities of fish/km surveyed during this study. This stream 
was extensively degraded and highly modified (part of which flowed through an urban setting). 
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Although trout were apparently absent from this stream (none detected), an isolated population of 
giant kokopu was discovered in a short unchannelised reach (Fig. 2 g). Perhaps the most 
contrasting stream surveyed (with respect to assemblage structure) was Picnic Gully Creek. This 
stream was the closest to the coast ( < 1 km from the sea) and was completely dominated by 
banded kokopu throughout its length. Trout were not detected in this stream and only a single 
giant kokopu was observed (Fig. 2 h). 
HABITAT ASSOCIATIONS AND SIZE STRUCTURE - GIANT KOKOPU AND BROWN 
TROUT 
Small (:::; 10 cm) and large (> 10 cm) giant kokopu used similar habitat types being 
regularly located in pools (51 % small, 67 % large) although small fish tended to be located in 
riffles more frequently than larger fish (19 % small, 3 % large) (Fig. 3 a, b). Both small and large 
giant kokopu were rarely located in agricultural channels (1 % small, 2 % large) (Fig. 3 a, b). In 
contrast both small (:::; 10 cm) and large (> 10 cm) trout were regularly located in agricultural 
channels (48 % small, 24 % large) (Fig. 3 c, d). Although trout (irrespective of size) were 
commonly found in channelised reaches, both small and large trout also regularly used pools (29 
% small, 62 % large). Small trout, like small giant kokopu, tended to be located in riffles more 
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o Giant kQkop 
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o Giant kokopu 
Longitudinal distribution of giant kokopu and brown trout in Mill stream a), Lee Creek b ), and 
Boundary Creek c). WF =waterfall> 3m, NS= not surveyed. / denotes sections surveyed/not 
surveyed. 
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Fig. 2 
• Brown trout 
o Giant kokopu 
• Brown trout 
o Giant kokopu 
Longitudinal distribution of giant kokopu and brown trout in Cullen's Creek d), Alex's Creek e), 
and Flagstaff Creek f). WF = waterfall > 3m, DV = dense vegetation, NS = not surveyed. / 
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500m 
Longitudinal distribution of giant kokopu and brown trout in Owhiro Sream g), Picnic-Gully 
Creek h). SF = spring fed, NS = not surveyed. / denotes sections surveyed/not surveyed. 
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Fig 3. 
Proportional habitat use of a) small (<10 cm) and b) large (10+ cm) giant kokopu (GK) and c) 
small (<10 cm) and b) large (10+ cm) brown trout (BT) recorded from eight streams using 
spotlighting. Ag Ch = agricultural channel, BW = backwater. 
Overall giant kokopu of all sizes were recorded during this study (Table 2 a). 
Approximately half of all recorded giant kokopu were larger than 15 cm of which more than 25% 
were larger than 20 cm (Table 2 a). In contrast, less than 10 % of all brown trout were larger than 
15 cm and only 3 % were larger than 20 cm (Table 2 b). Results describing the size distribution 
and habitat associations of giant kokopu were strongly influenced by the large numbers of giant 
kokopu recorded in Alex's and Cullen's Creeks which comprised more than 70% of all kokopu 
records (Table 2 a). Similarly the size distribution and habitat associations of brown trout were 
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strongly influenced by the large number of juvenile fish in Lee Stream and Mill Stream which 
comprised more than 85 % of all trout records (Table 2 b ). 
Table 2. 
Number and proportion (%) of giant kokopu (GK) a) and brown trout (BT) b) recorded within 
each size (total length) category for the eight streams surveyed during this study 
a)GK 
StreaITI 0-5cm 6-lOcm 11-15cm 16-20cm 21-25cm 26-30cm 31-35cm 35+cm total 
Cullen's 1 9 6 16 2 3 5 1 43 
Mill 0 2 5 12 5 6 1 0 31 
Flagstaff 0 1 1 2 1 0 0 0 5 
Alex's 3 54 42 36 23 10 9 0 177 
Boundary 0 1 6 6 2 0 1 0 16 
Lee 0 3 8 3 0 0 1 0 15 
Owhiro 1 0 3 3 5 1 0 0 13 
Picnic Gull}:'. 0 1 0 0 0 0 0 0 1 
total 5 71 71 78 38 20 17 1 301 
% 1.7 23.6 23.6 25.9 12.6 6.6 5.6 0.3 100 
b)BT 
Streeam 0-5cm 6-lOcm ll-15cm 16-20cm 21-25cm 26-30cm 31-35cm 35+ total 
Cullen's 0 0 0 0 1 0 0 2 3 
Mill 1 544 4 4 6 0 0 0 559 
Flagstaff 0 51 11 22 2 1 0 0 87 
Alex's 0 0 0 0 0 0 0 1 1 
Boundary 1 42 18 25 3 3 7 6 105 
Lee 19 408 106 18 6 7 1 2 567 
Owhiro 0 0 0 0 0 0 0 0 0 
Picnic Gully 0 0 0 0 0 0 0 0 0 
total 21 1045 139 69 18 11 8 11 1322 
% 1.6 79.0 10.5 5.2 1.4 0.8 0.6 0.8 100 
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Discussion 
A total of eight native and two introduced species were detected from eight streams surveyed 
within the Taieri Floodplain. The diversity recorded in this study was comparable to the diversity 
detected from other coastal catchments around New Zealand; e.g. Glova et al. (1985); eight 
species, Hayes et al. (1989); nine species, Jowett et al. (1998); 12 species, Chadderton and 
Allibone (2000); 8 species. Two additional species recorded from two of the streams since the 
completion of this survey are the native and diadromous lamprey (Geotria australis) and 
introduced chinook salmon (Oncorhynchus tshawytscha). Lamprey were recorded from both 
Cullen's and Alex's Creeks whereas chinook salmon were only recorded in Cullen's Creek (B. 
David unpublished data 1999). Of the species detected in this study, giant kokopu and eels (n.b 
both eel species combined) were the most widely distributed, being found in all eight streams, 
followed by common bullies (seven streams) and brown trout (six streams). Banded kokopu on 
the other hand were only detected in one stream (Picnic Gully Creek) though they exhibited the 
highest abundance of any species within a stream (219 fish/km). The population of banded 
kokopu in Picnic Gully Creek is of some conservation significance considering that this species 
(like the giant kokopu) is currently regarded as threatened (3rd priority). 
This study was conducted within a select group of small clear streams that were suitable for 
sampling by spotlight. Thus, while the diversity of fish detected was comparable to that recorded 
in other catchments in New Zealand, a number of other species in addition to the ones recorded 
are likely to occur within streams of the Taieri Floodplain. 
Perhaps the most significant outcome of this study (from a conservation perspective) was the 
wide distribution of giant kokopu throughout the floodplain. Although more abundant in certain 
streams than others, this species was detected in all streams surveyed with over 300 individuals 
identified. Only two individuals had been recorded from the floodplain prior to this survey 
despite electric fishing having been conducted in Mill and Boundary Creeks (C. Arbuckle pers. 
comm, B. David unpublished data). The paucity of giant kokopu records for the Taieri 
Floodplain prior to this study may, to some degree, reflect the inefficiency of electric-fishing to 
detect this species (Hayes et al. 1989). Electric-fishing is typically conducted during the day in 
shallow riffle and run type habitats ( e.g. Jowett et al. 1996), rather than the pool habitats 
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commonly used by giant kokopu (Chadderton and Allibone 2000, B. David Chapter 5). 
Furthermore, giant kokopu are primarily nocturnal (McDowall 1990 a) and reside deep amongst 
cover during the day (Chapter 5) which may decrease the likelihood of extracting this species by 
standard one or two-pass methods (Hayes et al. 1989). Finally, electric-fishing is relatively time 
consuming, thus limiting the area of stream that can be surveyed. The significant number of 
giant kokopu detected by spotlight during this study highlights the importance of using alternate 
fish sampling techniques and taking into account the behavioral patterns of certain species 
(Chadderton and Allibone 2000). 
LONGITUDINAL DISTRIBUTION OF GIANT KOKOPU AND BROWN TROUT 
The longitudinal distribution of brown trout and giant kokopu differed within and between 
streams. Although giant kokopu and brown trout were regularly present in the same streams, 
their distributions rarely overlapped at a local scale. Negative impacts by trout on galaxiids, 
(particularly small non-migratory galaxiids) have been documented (Townsend and Crowl 1991, 
Crowl et al. 1992, McIntosh et al. 1992, Closs and Lake 1996). In many instances competition or 
predation by trout may cause distributions of galaxiids to become fragmented. The persistence of 
fragmented populations tends to be facilitated by mechanisms that limit competition or predation 
by trout, e.g. the existence of physical barriers (waterfalls) preventing upstream invasion by 
salmonids (Townsend and Crowl 1991), or physical conditions (high water temperature) that are 
tolerable to galaxiids but intolerable to salmonids (Closs and Lake 1996). However, in this study 
the separation of giant kokopu and brown trout populations did not appear to be facilitated by 
physical barriers or extreme physiological conditions. On the contrary, in certain instances, trout 
appeared to be absent from seemingly suitable habitats that were occupied by giant kokopu. For 
instance, it is not known why trout were absent from the upper reaches of Mill Stream given their 
abundance in channelised reaches further downstream. Similarly it is difficult to attribute reasons 
for trout being absent from the two pools containing giant kokopu in Lee Creek yet explain their 
high abundance and uniform distribution either side of these pools. Furthermore, the two streams 
with the highest abundance of giant kokopu (Alex's Creek and Cullen's Creek) contained few 
trout. This was somewhat surprising given that brown trout are frequently captured in Lake 
Waihola into which both these streams drain (B. David pers. obs). 
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One possibility that may account for the absence ( or virtual absence) of trout from these 
areas is that the habitats occupied by giant kokopu were unsuitable for trout. This seems unlikely 
given that trout exhibit an 'almost universal' distribution in New Zealand (Minns, 1990). Minns 
(1990) suggests that the wide distribution of trout throughout New Zealand is probably a function 
of their habitat 'plasticity'. In this study, trout were regularly located in a range of habitat types, 
from degraded lowland agricultural channels (in which giant kokopu were rarely detected) to 
unmodified pools and riffles in the upper reaches of some streams. 
Alternatively, it may be that the habitats occupied by giant kokopu were suitable for trout 
but trout were being excluded from them by large giant kokopu. Such an idea would contrast 
with the dominant paradigm that native galaxiids are competitively inferior to introduced 
salmonids. In contrast to most galaxiids which rarely grow larger than 15 cm (McDowall 2000), 
the giant kokopu may commonly attain lengths between 30-40 cm. Of the giant kokopu recorded 
during this study more than 50 % were larger than 15 cm and more than 25 % were larger than 20 
cm. In contrast, the majority of trout were smaller, with less than 10 % of all trout larger than 15 
cm and only 3 % larger than 20 cm. In addition to their ability to grow larger than all other 
galaxiids, giant kokopu also exhibit territoriality within stream pools (Chapter 7) and diet studies 
indicate that this species will predate on other fish (Jellyman 1979, Rasmussen 1990, Bonnett 
2000) including introduced species such as European perch (B. David unpublished data). Thus, it 
is conceivable that large territorial giant kokopu may be capable of excluding trout, at least at a 
local scale in small streams (e.g. Mill Stream, Lee Creek). 
While the idea of competitive exclusion of trout by large giant kokopu remains to be 
tested, it is generally well accepted that diadromous galaxiids including giant kokopu are 
particularly vulnerable to predation during their first 6 months of life (McDowall 1992). During 
this stage, whitebait larvae returning from the sea 'must run the gauntlet of passage through trout 
stocks' (McDowall 1990 b) to reach their typical adult habitats. In addition to trout, a variety of 
other predators including other fish species (e.g. European perch), birds (e.g. herons, cormorants) 
and recreational whitebait anglers impact on recruiting juveniles. Of the giant kokopu recorded 
in this study, recruitment appeared to be limited in most streams with only Cullen's and Alex's 
Creeks containing relatively high numbers of fish in the smaller (0-15 cm) size ranges. The 
seemingly low number of giant kokopu in other streams, coupled with their fragmented or 
~C=h=a~p=te=r~3~:~F~i=sh~d=is=tn=·b=u=t=io=n=s~i=n~s=m.=a=l=l=c=o=as=t=al~fl==oo=d~p~l=ai=·n~s=t=re=a=m.=s~~~~~~~~~~~~48 
isolated distribution, (e.g. Lee Creek, Owhiro Stream., Flagstaff Creek) indicates that although 
widespread these populations are sm.all and m.ay be vulnerable to extirpation. 
The m.ajority (> 70 % ) of giant kokopu recorded during this study were recorded from. 
Cullen's and Alex's Creeks. These two stream.s probably represent the largest known population 
of giant kokopu on the east coast of New Zealand (excluding Southland) and are thus of 
particular conservation significance. While the m.echanism.s controlling the distributions of trout 
and giant kokopu were unclear, both habitat requirem.ents and com.petition or predation (not 
necessarily by trout) are likely to be involved. Future work should focus on addressing each of 
these issues separately. 
~ 
Chapter 4 
Continuous remote monitoring of fish activity with 
restricted home ranges using radiotelemetry* 
~ Programming the data-logger to record 24 h fish activity (May 1999) . 
._ * Published as David, B.O. and Closs, G.P. (2001) in the Journal of Fish Biology 57: 705-715 
Abstract 
Signal strength received by a fixed antenna increased as a transmitter was positioned 
closer to it and decreased as the transmitter was positioned further away. Depth and 
transmitter orientation also influenced signal strength, but these were less pronounced than 
the effect of distance. The variations in signal strength recorded from fixed distances, depths 
or orientations were low, suggesting that variation in signal strength only occurs if the 
transmitter is moved. The use of signal strength variation as a measure of fish activity over a 
24 h period was compared with observed patterns of point habitat use of a live fish. Close 
correspondence of assessments of activity using signal strength variation and habitat use was 
observed. This study demonstrated the potential utility of radiotelemetry in association with 
point-in-time habitat use data to determine home-range and diel and seasonal patterns of fish 
activity over 24 h periods. 
Key words: remote monitoring, fish activity, radiotelemetry, habitat use, fish behaviour 
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Introduction 
The continuous recording of activity through time can provide an insight into an 
animal's behaviour and energetic requirements, although such monitoring may be time 
consuming and physically demanding (Bachman 1984, Harvey and Nakamoto 1999). 
Further, any physical disturbance can disrupt natural patterns of behaviour and movement 
(Bachman 1984, Bain and Finn 1991). Given these problems, most studies assessing fish 
activity have been restricted to measuring movement as a relatively limited number of 'snap-
shots' over each diel cycle. The temporal and spatial resolution of movement measured in 
this manner varies greatly between studies (Bunt et al. 1999, Harvey and Nakamoto 1999, 
Adams et al. 2000, Greenberg and Giller 2000, Lamothe et al. 2000). 
Recently, the use of flat-bed Passive Integrated Transponder (PIT) technology has 
been used to track fish movements in small streams (Armstrong et al. 1996, 1997, Greenberg 
and Giller 2000). Flat-bed PIT technology has been used with some success to monitor 
movements of small fish ( < 16 cm) between microhabitats. However its potential to 
continuously monitor actual activity may be somewhat limited. Movement by fish using PIT 
systems is only detected when fish pass within a very short distance (15-20 cm) of the 
detecting antenna plate (Armstrong et al. 1996, 1997, Greenberg and Giller 2000). 
Alternatively, radiotelemetry may be used to continuously monitor fish activity. The 
strength of signals emitted from a transmitter implanted in a fish, and received at a fixed 
antenna should vary with respect to the distance, depth and orientation of the fish from the 
antenna. Fish movement may alter the distance, depth and orientation of a fish in relation to a 
fixed antenna, and hence generate variation in the strength of the signal received from one 
time interval to the next. However, the degree to which variation in distance, depth and 
orientation relative to the antenna influence signal strength has not been comprehensively 
studied. The potential for using signal strength variation to monitor fish activity was first 
recognised by Clapp et al. (1990) and subsequently used by Young et al. (1997 a) and Young 
(1998). In these studies each tagged fish located by radiotelemetry was monitored for 1 min 
to determine whether the audible frequency of the transmitter signal fluctuated. The number 
of fluctuations per minute was then used as an index of daytime activity. In each of these 
studies, monitoring of fish was restricted to relatively limited periods of time. 
Where fish movements are spatially restricted, fish implanted with a radio transmitter 
may remain within the receiving range of a fixed antenna for extended periods. Under such 
circumstances continuous monitoring of fish activity should be possible using a single fixed 
antenna, receiver and an associated data-logger. In this study, the potential of using variation 
in signal strength to continuously monitor activity in giant kokopu Galaxias argenteus 
(Gmelin) using a single fixed antenna and receiver linked to a data-logger was explored. 
Giant kokopu are the largest species of galaxiid (c. maximum total length= 40 cm), and occur 
widely throughout New Zealand in small lowland lotic systems (McDowall 1993). 
Specifically, this study consists of three parts: 1) determination of the effects of variation in 
distance, depth and orientation of a transmitter on the signal strength received at a single fixed 
antenna; 2) demonstration of continuous remote monitoring of activity in a stream dwelling 
fish using radiotelemetry; 3) comparison of activity patterns obtained using this technique 
with direct point-in-time observations of fish habitat use. 
Methods 
STUDY SITE 
This study was carried out between 1999-2000 in Cullen's stream, a 3rct order stream 
that drains into the southern end of Lake Waihola, c. 45 km south west of Dunedin, New 
Zealand. The stream is generally< 3 m wide and< 0.5 m deep and the substratum consists 
primarily of fine gravels and bed rock sheets. 
EQUIPMENT 
A single directional three element Yagi antenna (Sirtrack Ltd), receiver (Falcon Five, 
Wildlife Materials) and data-logging unit (DL2000, Wildlife Materials) powered by a 
rechargeable, sealed, lead-acid battery (Portalac 12 volt 10 Ah) were used to record signal 
strength and variation. The transmitters (Advanced Telemetry Systems, Model 357) had a 
weight of 3.8 g (in air), and had a current drain of 0.025 mA when the pulse rate was set at 
40-42 pulses min- 1 and the pulse width at 14-17 ms. 
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EFFECT OF TRANSMITTER DISTANCE, ORIENT A TION, DEPTH AND 
TEMPERATURE ON SIGNAL STRENGTH 
The effect of transmitter distance, orientation and depth on signal strength was 
examined during stable flow conditions during winter, when the daily maximum air 
temperature was 7°C and water temperature was 5.3°C. The receiving field of an antenna 
(range over which a signal can be received) is determined by the gain setting (sensitivity) of 
the receiver. For this study, the receiver was set at the lowest gain (narrowest receiving field) 
thus restricting the range across which the signal could be received. 
In order to determine how the signal strength received from a transmitter differs at set 
distances from a single fixed antenna, a typical riffle-pool-riffle stream reach commonly used 
by giant kokopu was selected. The 26 m reach was divided into 13 transects (1 transect every 
2 m) and the antenna was positioned at transect 6 on the right bank directly facing the left 
bank (Fig. 1). Along each transect, five evenly spaced points were selected for measurement 
of signal strength; stream edge right (R), between midstream and edge right (MR), midstream 
(M), between midstream and edge left (ML) and stream edge left (L) (e.g. transect 4, Fig. 1). 
To increase the realism of the test, the transmitter was implanted into a dead giant kokopu so 
that the transmitted signal travelled through fish tissue. The fish, which was attached to the 
end of a 1 m rod, was positioned just below the air-water interface and oriented in an 
upstream direction. At each point, the strength of three signals received (a received signal 
hereafter termed a 'hit') were recorded over 30 s (1 hit every 10 s). The three signal strengths 
obtained for each point on a transect were then plotted to determine the consistency of signal 
strength received from a fixed point, and how the strength of the received signal varied with 
respect to distance from the antenna. It should be noted that signal strength values are 
arbitrary and have no units of measure, hence all comparisons are relative. 
The effects of variation in transmitter orientation and vertical position in the water 
column were examined at the midstream position at all transects. Signal strength was 
recorded when the transmitter was just under the surface and facing upstream (US), 90 
degrees left (L) downstream (DS) and 90 degrees right (R) (e.g. transect 3, Fig. 1). Signal 
strength was also measured when the transmitter was positioned on the bottom facing 
upstream. The depth was determined by the maximum depth of the midstream location for 
each transect, so depth was not consistent across transects but varied between 4 and 33 cm 
(Fig. 1). 
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Signal strength recorded fron1 a stationary translllitter n1ay vary over tin1e if an1bient 
ten1perature changes. The effect of variation in ten1perature was deterlllined by placing a 
translllitter and ten1perature data-logger (Stowaway) within a perforated plastic canister at a 
fixed location within the strean1 reach. The data-logger was progralllllled to record the signal 
strength of the translllitter 3 tin1es every 10 n1in over three consecutive 24 h periods. The 
ten1perature logger was progralllllled to record water ten1perature once every 30 lllin over the 
san1e period. 
ACTIVITY AND HABITAT USE OF LIVE G. argenteus 
Activity 
To deterllline whether signal strength variation could be used to continuously n1onitor 
the activity of live fish, a n1ale giant kokopu (390 g, 30 cn1 total length) was captured fron1 
the strean1 reach using a dipnet on 15 May, 1999. The fish was anaesthetised with 2 
phenoxyethanol (30 µ11- 1), placed ventral side up on a soft 'u shaped' foan1 pad (Plate Al), 
and an incision (25 llllll long) was n1ade illllllediately anterior to the pelvic girdle and slightly 
right (5 llllll) of the ventral lllidline (Plate A2). During surgery the gills were bathed with a 
dilute solution of 2 phenoxyethanol (150 µI 1·1). The translllitter, which weighed less than 2 
% of the body n1ass of the fish, was inserted through the incision (Plate A3) and positioned so 
that the long axis lay in a posterior-anterior position within the fish. The incision was then 
closed with three sin1ple interrupted stitches (3-0, non-absorbable sterile surgical sutures 
using a pre-attached No 20 curved needle) (Plate A4, AS) and antibiotic (oxytetracycline) and 
n1ucous agent ('Stress Coat', Aquariun1 Pharn1aceuticals Inc) applied to reduce the risk of 
infection. The procedure fron1 initial anaesthesia to recovery took 13 lllin, and once the fish 
had regained equilibriun1 it was released at point of capture. The fish appeared to behave and 
swin1 normally within two days but two weeks were allowed to elapse before recordings of 







Surgical procedure used to implant giant kokopu with a radiotransmitter. Stage 1), Orienting 
the fish. Stage 2), making the incision, anterior to the pelvic girdle, right hand side of the 
ventral midline. Stage 3), implanting the transmitter to lay posterior-anterior in the body 
cavity. Stage 4), closing the incision. Stage 5), final grouping of three interrupted stitches. 
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Fig. 1. 
Stream reach showing antenna and data-logger placement at transect 6. An example of 
transmitter positions along each transect from which signal strengths were recorded is given 
at transect 4. R = stream edge right, MR = between middle and edge right, M = middle, ML 
= between middle and left, L = stream edge left. An example of the four transmitter 
orientations from which signal strengths were recorded is given at transect 3. Stream depths 
(cm) for each midstream location are given at each transect. 
y 
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Continuous logging was conducted with the sa1ne equip1nent as used previously to 
record the effects of variation in distance, depth and orientation on the signal strength 
received, the only change in protocol being that the data-logger was progra1TI1Tied to record 
and store data over a 24 h period. The data-logger was progra1n1ned to record three signal 
strength hits every 10 Inin, with these being recorded during the first 30 s of each 10 Inin 
period (one hit every 10 s). The variation of the signal strength calculated fro1n the three hits 
was then used to assess fish activity over 24 h. Recordings were 1nade in both winter and 
su1n1ner. Winter activity data were collected on 15-16 August, 1999 when air te1nperature 
ranged between 2.1-9.1°C, and water te1nperature ranged between 4.8-5.9°C. The su1n1ner 
activity data was collected on 27-28 February, 2000 when air te1nperature ranged between 
4.9-22.9°C and water te1nperature ranged between 4.8-12.8°C. 
Habitat use 
Diel habitat use of the radiotagged fish was recorded two to three ti1nes per week 
during both winter and su1TI1Tier to co1npare with the continuous activity data. Point-in-ti1ne 
habitat use data were collected for the i1nplanted fish during light and dark periods. Winter 
habitat use data collection was initiated on 1 June (2 weeks after i1nplantation) ending on 5 
August 1999 and su1TI1Tier habitat use data collection began on 16 January, 2000 ending on 15 
March 2000. A total of 17 and 15 day and night habitat use records were obtained in winter 
and su1n1ner respectively. A single hand-held Yagi antenna was used to deter1nine the 
radiotagged fish's position using triangulation. Day locations were accurate to within 0.5 1n 
when under cover and a close approach could be 1nade to the position of the fish (resolution 
based on retrieval of hidden translllitters prior to data collection), and within 1 1n when in the 
open (direct visual confir1nation). At night, recorded position was accurate to within 1 1n 
(deter1nined by visual confir1nation of triangulated fish by spotlight). Such resolution is 
consistent with the accuracy recorded fro1n other studies using triangulation of received radio 
signals (Si1npkins and Hubert 1998). In addition, the fish was also located 10 1nin prior to 
setting up for a 24 h continuous recording, and 10 Inin after its conclusion. If a fish was 
located in a fixed position within the pool and apparently inactive prior to a 24 h recording 
period, a consistent signal strength with low variation would be expected until the fish 
beca1ne active. 
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Results 
EFFECT OF TRANSMITTER DISTANCE, ORIENT A TION, DEPTH AND 
TEMPERATURE ON SIGNAL STRENGTH 
Signal strength did decrease as the dead fish implanted with the transmitter was 
positioned further away from the single fixed antenna. Signal strength was strongest at 
transect 6, when the fish was positioned directly in line with the antenna, and weakened as the 
fish was positioned at increasing distances from the antenna, being lowest at transects 1-2 and 
11-13 (Fig. 2). In all cases the signals received from all positions on transects 5 and 6 (within 
2 m of the fixed antenna) were consistently high and virtually identical from bank to bank 
(Fig. 2). Although signal strength differed among transects and at different positions along a 
transect, the variation for any given position was low, demonstrating consistent signal 
strength for a given fixed position. 
The signal strength received from the transmitter implanted into a dead fish was found 
to vary with respect to orientation, particularly between transects 1-4 and 8-11 (Fig. 3). In 
addition, the signal strength received when the fish was positioned on the stream bed was 
consistently weaker than the signal received when the fish was positioned in any orientation 
just under the water surface, especially at transects 3 and 8 (Fig. 3 (e). Once a tagged fish was 
close to the antenna however, (between transects 5-7) the influence of orientation or depth on 
signal strength was less evident. The lack of sensitivity to variation in transmitter orientation 
and depth at positions close to the antenna was very similar to the effect detected for variation 
in distance in the first test. There was consistently low variation for any particular orientation 
or depth at a set distance from the antenna (Fig. 3). 
Signal strength increased as temperature dropped and vice versa. However, the 
variation in signal strength of three signals received within a particular 30 s time period was 
usually zero over the entire three days (Fig. 4). Between day 1 and day 3, there were six 
occasions(< 2% of recordings) where some minor variation in signal strength occurred. 
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Fig. 2. 
Signal strength received from each transect distance at transect positions 'R' (a), 'MR' (b), 
'M' (c), 'ML' (d) and 'L' (e). Each point represents the mean± S.D. signal strength received 
(n = 3). t position of fixed antenna. See Fig. 1 for further details. 
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Transect 
Signal strengths received for each midstream transect distance for orientations upstream (a), 
90° left (b), downstream (c) and 90° right (d) and for depth (e). Each point represents the 
mean± S.D. signal strength received (n=3). J, position of fixed antenna. 
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Fig. 4. 
Signal strength (mi) no unit) received from a control transmitter over three consecutive days. 
Each point represents the mean strength± S.D. received from three 'hits' in 30 s over a 10 
min period. Stream temperature (- °C) was recorded once every 30 min for 3 consecutive 
days. 
ACTIVITY AND HABITAT USE OF LIVE G.argenteus 
In winter, both mean signal strength and the associated standard deviation were low in 
the period 1340-1710 hours, but as darkness approached (1730-1800 hours) mean signal 
strength began to fluctuate and the variation around the mean became much greater (Fig. 5 a). 
This pattern continued throughout the night, and as daylight approached signal strength 
became lower and less variable. This pattern continued until 1415 hours and the conclusion 
of the 24 h period (Fig. 5 a). In summer there was considerable signal strength variation in 
the three signals received over a 30 s period throughout both the light and dark part of the 24 
h cycle (Fig. 5 b ). 
Habitat use recorded for 2 months prior to the 24 h recordings in winter, indicated that 
the fish was always located under a log at the head of the pool during the day (Fig. 6 a). In 
contrast, at night this fish was observed in open water in different positions throughout the 
pool, although it was never located more than 20 m from its daytime position on any 
occasion. Prior to commencing the winter 24 h continuous recordings, the fish was located 
under the same log at the head of the pool and was also located in the same position at the end 
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Fig. 5 
Fish activity over 24 h in winter (a) and summer (b) recorded from a fixed antenna and data-
logger. Mean(± S.D.) signal strength received from three 'hits' in 30 s over a 10 min period. 
Light and dark periods for summer and winter represented by white and black bands. 
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Habitat use of G. argenteus in winter (a) and summer (b). Day positions (o); night positions 
(D); fish was visually located (x); fish was not visually located ( • ). 
During summer, the point-in-time habitat use data indicated that the fish was active 
during both light and dark periods, being visually located on all nights and was also 
occasionally observed in the middle of the pool during the day (Fig. 6 b). When the fish was 
not observed in the open, it was using a different cover position to that used in winter, a patch 
of aquatic vegetation located at the downstream end of the pool (Fig. 6 b ). 
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Discussion 
The pattern of variation in signal strength recorded from_ various positions within the 
stream_ reach was consistent with known patterns of signal reception using a Yagi antenna, i.e. 
strong signal reception from_ a narrow field in front of the antenna. Variation in signal 
strength associated with changes in the orientation, depth or distance of the fish from_ the 
antenna will occur provided the fish is not directly in front of the antenna. Although changes 
in signal strength are indicative of fish m_ovem_ent, it is signal strength variation rather than 
the absolute intensity of the signal that indicates whether or not a fish is active. The 
technique will however, be insensitive to m_ovem_ent when the fish is directly in line with the 
antenna (consistently high signal strength), however this problem_ could be resolved through 
the use of two antennas. Sim_ultaneous recording of signals using a second antenna could also 
provide information on the direction of fish m_ovem_ent. 
Direct observation of activity and habitat use in live giant kokopu provided 
confirmation of the patterns of activity suggested by variation in signal strength obtained by 
continuous rem_ote m_onitoring. Markedly different patterns of diel activity were suggested by 
continuous rem_ote m_onitoring of signal strength in winter and sum_m_er, with the fish being 
virtually inactive during the day in winter. The fish was never observed in the open during 
winter, whereas in sum_m_er, it was observed actively feeding during the day. Habitat use data 
also suggested that this particular fish m_aintained a restricted hom_e range, always being 
observed within the sam_e 30 m_ reach. This is consistent with the sum_m_er and winter 24 h 
data, which confirm_ed that the fish was always within the receiving range of the antenna (12 
m_ either side of the antenna). Thus continuous m_onitoring using radiotelem_etry not only 
provides inform_ation on fish activity, but m_ay also be used in conjunction with point-in-tim_e 
habitat use data to support estim_ates of hom_e range. 
Used solely to m_onitor fish activity, the radiotelem_etry system_ used in this study 
enabled rem_ote logging of the activity patterns of fish at a high tem_poral resolution. 
Measurem_ent of activity of wild fish in sm_all stream_s at such a high degree of tem_poral 
resolution would not be possible using direct observation, particularly at night. The entire 
system_ (including the antenna, data-logger and power source) is easily transported by a single 
person requiring less than 5 ITiin to dism_antle and c. 20 ITiin to set up. Further, the activity of 
m_ultiple fish (each identifiable by a specific transITiitter frequency) could be logged over the 
sam_e tim_e period within the sam_e study reach. Obviously appropriate program_m_ing of the 
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receiver and associated data-logger will increase the set up tim.e. Currently, the only 
technique capable of recording fish m.ovem.ent at an equivalent level of tem.poral resolution in 
stream.sis the flat-bed PIT system. (Armstrong et al. 1996, 1997, Greenberg and Giller 2000). 
However, the capacity of the PIT system. to continuously m.onitor fish activity is som.ewhat 
lim.ited by the need for fish to pass within 15-20 cm. of the detecting antenna plate system. 
(Arm.strong et al. 1996, 1997, Greenberg and Giller 2000). Conceivably, the two techniques 





Micro-habitat use and activity patterns in giant 
kokopu Galaxias argenteus 
Teeth on the tongue (in focus) of an adult giant kokopu (mag x 40) 
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Abstract 
Habitat use, activity and hon1e range of giant kokopu were exalllined during winter and 
sull1Il1er in two sn1all strean1s using radiotelen1etry. During winter giant kokopu predolllinantly 
used low velocities, silt substrates and intermediate depths during both light and dark periods. 
Activity recorded during 24 and 72 h periods indicated that fish were active at night and inactive 
during the day. Activity data corresponded with point-in-tin1e habitat use data, which indicated 
that fish were concealed an1ongst cover during the day and used open water habitats at night. 
During sun1n1er giant kokopu used higher flows, shallower depths and coarser substrates 
particularly at night and also occasionally during the day. Activity data indicated that giant 
kokopu were active during both light and dark periods in sun1n1er although periods of activity 
were less defined and less predictable than during winter. Point-in-tin1e and 24 h activity data 
indicated that adult giant kokopu used predictable hon1e reaches during stable flow conditions 
with n1ost individuals exhibiting an affinity for one or two cover locations within their 'hon1e' 
reach that they used repeatedly. Reaches used by individuals rarely exceeded 26 n1 in length 
during sun1n1er or winter and always included a pool-riffle sequence. Diel and seasonal 
behaviour exhibited by giant kokopu share son1e sin1ilarities with drift feeding saln1onids. In 
particular, fish exhibited diurnal concealn1ent and nocturnal activity during winter. Closer 
exan1ination of several factors, principally, water ten1perature, food availability and possibly 
predation risk are likely to assist in interpreting patterns of habitat use and activity in this species. 
Key words: radiotelen1etry, giant kokopu, diel habitat use, seasonal hon1e range, 24 h activity 
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Introduction 
In many instances, decline in abundance of numerous fish species has been attributed, at 
least in part, to habitat loss or habitat degradation (Hanchet 1990, McDowall 1990, Swales and 
West 1991). From a species management perspective, information detailing seasonal and 
day/night patterns of activity and habitat use is fundamental for implementing effective 
conservation strategies (Todd and Rabeni 1989). 
In streams, fish regularly select habitats on the basis of physical features such as cover, 
depth, flow and substrate type (Matthews 1998). The habitat used by an individual fish at a 
particular point in time represents a compromise between its energetic requirements, availability 
of its preferred habitat (which may be determined by competition with other individuals), 
availability of food and its susceptibility to predation (Metcalfe et al. 1999). Much of this 
understanding has been derived from research on stream dwelling salmonids which have been 
shown to exhibit distinct seasonal and diurnal patterns in habitat use (Baltz et al. 1991, Brown & 
Mackay 1995). During winter, when energetic demands are lower, muscle reactions slowed and 
temperature and food resources decrease, salmonids become increasingly nocturnal, sheltering 
passively amongst cover or aggregating in deep, low velocity habitats during the day (Heggenes 
et al. 1993, Brown & Mackay 1995, Contour & Griffith 1995, Metcalfe et al. 1999, Meyer & 
Gregory 2000). In contrast, during summer, salmonids typically exhibit increased activity and 
drift feed from distinct focal points during the day (Bachman 1984, Fausch 1984, Nakano 1994, 
1995 a,b). Recently however, various researchers have shown that salmonids may also exhibit 
significant nocturnal activity during summer (Clapp et al. 1990, Young et al. 1997 b, Young 
1999). While reasons for such behaviour are not yet understood, factors such as predation risk, 
water temperature and food availability are likely to be important (Young 1999). 
A group of fishes distantly related to salmonids is the Family Galaxiidae (for phylogenetic 
relationships see McDowall 1990 b). Galaxiids belong to the Order Salmoniformes and are 
found in temperate regions of the Southern Hemisphere. Galaxiids are well represented in New 
Zealand with almost half of New Zealand's native freshwater fish fauna belonging to this family 
(McDowall 2000). Unlike salmonids however, relatively little is known about their habitat 
requirements, although in many instances they appear to fill a niche similar to that of their distant 
Northern Hemisphere relatives. One particular species, the giant kokopu Galaxias argenteus, is 
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endemic to New Zealand and is the largest galaxiid known. Although widely distributed 
throughout coastal areas (New Zealand Freshwater Fish Data base), giant kokopu are not 
common and they are currently listed as threatened. The decline in their abundance is thought to 
be related to habitat modification and possibly competitive interactions with introduced 
salmonids (McDowall 1990 a, Bonnett 2000, Chadderton and Allibone 2000). Giant kokopu are 
considered to be primarily nocturnal and to prefer slow flowing streams with abundant instream 
cover although such knowledge has generally been obtained through electric fishing (Bonnett 
2000) and fyke netting (Jellyman 1979, Rasmussen 1992, Chadderton and Allibone 2000, 
Bonnett 2000). Given the current conservation status of G. argenteus, and the limited 
information currently available, further research on its ecology is required. 
In the current study, the habitat use, home range and activity patterns of giant kokopu 
were examined using radiotelemetry. Radiotelemetry has frequently been used to assess habitat 
use and movements of fish in streams (Todd and Rabeni 1989, Matheney and Rabeni 1995, 
Young 1996, 1998). One of the major advantages of using radiotelemetry is that locations and 
movements of fish may be monitored without affecting their normal patterns of behaviour. In 
addition, radiotelemetry can be used to accurately locate fish when they are deep amongst cover. 
In Chapter 4 I demonstrated the potential of using radiotelemetry to monitor fish activity in small 
streams, and how these data (when combined with observed patterns of habitat use) could also be 
used to predict home-range size. These same methods were used to achieve the following three 
objectives in this study: (1) to determine seasonal (winter-summer) and day-night micro-scale 
habitat use of giant kokopu, (2) to record and compare 24 h activity patterns of individual giant 
kokopu within and between seasons, and (3) to determine the seasonal home-range size of this 
species. Comparisons between seasonal and day-night patterns of habitat use and activity 
between stream dwelling giant kokopu and other drift feeding fish, particularly salmonids, are 
discussed. 
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Fig.1 
Study sites located in the ITiid reaches of Cullen's and Alex's Creek where habitat use and 
activity patterns of radio-tagged giant kokopu were recorded 
Methods 
STUDY SITES 
This study was conducted in two small creeks, (Cullen's and Alex's) that rise in the 
western hills bordering the Taieri Floodplain in the south-east of New Zealand's South Island 
(Fig. 1). Study sites were situated in the Inid reaches of both streams where widths average < 2 
m and depths average < 30 cm. Short ( < 30 m) pool-riffle sequences are common in both streams 
with substrates ranging from silt and fine gravels to underlying bedrock sheets. Dissolved 
oxygen and conductivity (YSI 85 probe), pH (pH testR), temperature (Hobo logger, Onset 
Instruments Inc), and discharge were recorded throughout the study. Air temperature and rainfall 
data were obtained from the National Institute of Water and Atmospheric (NIWA) research 
station at Dunedin Airport (c. 10 km north of the study sites) 
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Table 1. 
Total length (L) and weight (W) of fish implanted with radio-transITlitters in Cullen's and Alex's 
Creeks during winter (May 1999) and suIT1IT1er (January 2000). Fish code e.g. CWl = Cullen's 
Winter 1. * denotes fish tracked during both seasons (note, saIT1e code used in both seasons). -
indicates sex not deterITlined. 
Winter Summer 
Stream Fish L (cm) W(g) Sex Fish L(cm) W(g) Sex 
Cullen's CWl * 29.9 377.2 M CWl * 29.9 377.2 M 
CW2 30.5 449.0 F CS2 27.0 293.1 -
CW3 31.5 433.8 F CS3 26.2 283.7 -
CW4 31.0 462.0 M CS4 24.5 192.5 -
av 30.7 430.5 - av 26.9 286.6 -
stdev 0.7 37.4 - stdev 2.3 75.5 -
Alex's AWl * 30.9 363.0 F AWl * 30.9 363.0 F 
AW2 24.8 230.3 M AS2 25.0 206.0 -
AW3 30.8 468.0 F AS3 24.5 199.5 -
AW4 24.5 217.0 M AS4 26.5 273.0 -
av 27.8 319.6 - av 26.7 260.4 -
stdev 3.6 118.9 - stdev 2.9 76.1 -
FISH CAPTURE AND TRANSMITTER IMPLANTATION 
Adult giant kokopu were captured in individual pools from both study streams using a 
spotlight and dipnet and held in flow-through fish boxes overnight. RadiotransITlitters (ATS 
model 357) were surgically implanted into the abdoITlinal cavity of eight fish on May 15, 1999 
(four fish in each stream) and six on January 2, 2000 (three fish in each stream). Two fish (CWl 
and A WI) implanted in May 1999 were still transmitting in January and were subsequently 
tracked throughout suIT1IT1er and are hence represented in both seasonal data sets (Table 1). Sex 
deterITlination of individuals was only possible during winter when maturing gonads were clearly 
visible. Transmitters were less than 2 % of the fish's body weight as recoIT1IT1ended by Winter 
(1983), had an internal loop antenna, weighed 3.7-4.5 gin air and a predicted life of c. 130 days 
(for a full description of surgical procedures see Chapter 4). Average weight and length of fish 
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iinplanted in winter were 430 g and 30.7 CITI total length (Cullen's Creek) and 320g and 27.8 CITI 
(Alex's Creek) and in suITIIner were 286 g and 26.9 cITI (Cullen's Creek) and 260 g and 26.7 cITI 
(Alex's Creek) (Table 1). Following iinplantation, fish were released at their point of capture and 
Inonitored closely for the next 48 h. Within two days all iinplanted fish appeared to behave and 
swiITI norinally but two weeks were allowed to elapse before recordings of either habitat use or 
activity were Inade (Chapter 4). 
MICRO-SCALE HABITAT USE 
Assessment of available habitat 
Prior to data collection, it was evident that each iinplanted fish used a particular streaITI 
reach (typically defined by a single pool-riffle sequence) in which it could be regularly located. 
Habitats available to each individual within its reach were recorded using the transect Inethod 
(Todd and Rabeni 1989) during stable flow conditions. Transects within a reach were Inade at 2 
In intervals along the streaITI and habitat variables were Ineasured at five equally spaced points 
across each transect. At each point, depth, substrate and flow were recorded. StreaITI flow was 
Ineasured at 0.6 of the total depth using an electronic flow Ineter (Marsh-McBimey, Flo-Inate, 
accuracy +/- 0.02 Inls). Substrate size was visually estiinated at each point and assigned to the 
following categories: Inud or silt ( < lIIlIIl), sand (1-2 Inin), gravel (2-60 Inin), cobbles (60-260 
Inin), boulder (>260 InIIl) and bedrock. 
During base flow conditions between high discharge events, habitat available to fish was 
presuined to be the saine for each sainpling occasion. A stage height post enabling daily 
assessinent of river height was used to define base flow (Chapter 6). Available habitat along a 
reach in which a fish was resident was reassessed following high discharge events. During the 
study, soine individuals left their hoine reach as a result of high discharge events and settled 
elsewhere in the streaITI (Chapter 6). Available habitat for those individuals in newly settled 
reaches was evaluated once flows had returned to pre-flood levels. 
Assessment of fish movements and habitat use 
A map of the pool-riffle sequence within which each individual was resident was drawn 
to scale. The position of each individual within its reach was plotted onto this map and was later 
used in association with activity data to predict each individual's home range. In this study, 
home range was defined as the length of a particular stream reach within which an individual 
spent 100 % of its time during base flow conditions (Chapter 4). Fish positions were determined 
by triangulation using a scanning receiver (Falcon five, Wildlife Materials) and a hand held, 
directional, three-element Yagi antenna. Fish were located between one and three times per week 
during the day (1000 - 0430 hours winter, 1000 - 0830 hours summer) and night (1830 - 0200 
hours winter, 2230 - 0300 hours summer) during stable base-flow conditions. During darkness, 
fish positions determined using triangulation were confirmed by spotlight. Spotlighting indicated 
that triangulations were accurate to within 1 m2 (Chapter 4). During the day, accuracy was likely 
to be within 0.5 m2 as fish were often stationary (determined by assessing transmitter signal 
fluctuation as per Clapp et al. 1990, Young et al 1997 a, Young 1998) and deep amongst cover 
enabling a closer approach. Similar accuracy using comparable equipment has been noted by 
other researchers (Brown and Mackay 1995, Simpkins and Hubert 1998). 
Each time an individual fish was located, the flow, depth, substrate type, and cover that it 
used were recorded to provide a 'snapshot' of its habitat use for that point-in-time. For fish that 
were visually located (following triangulation), flow was recorded as the focal point (snout) 
velocity, depth was measured from the streambed directly below the fish to the air-water 
interface, and substrate type was visually assessed directly beneath the fish. When fish were 
located amongst cover and not visible, these habitat parameters were recorded from the centre of 
the area from which the strongest signal reception occurred. Structures used by fish for cover 
were described visually in terms of their dominant components. Five primary habitat 
components were identified; aquatic vegetation, log, undercut banks, undercut boulders, and bank 
falls ( collapsed banks) and various combinations of these. An attempt was made to measure 
cover available to fish, however, since it was impossible to determine what features giant kokopu 
considered to be useable cover (one of the initial aims of this study), this information was 
discarded. 
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24 HOUR ACTIVITY 
Measuring activity 
Variation in the signal strength caused by the distance and orientation of a fish in relation 
to a fixed antenna and its data-logger was used to measure fish activity for 24 h periods (Chapter 
4). The antenna was positioned at the predicted mid-point of each individual's home range 
(determined from initial point-in-time habitat use data) and the data-logger was programmed to 
record the signal strength from an implanted fish three times in 30 s (at 10 s intervals) every 10 
min for 24 h. Low variation and consistent signal strength received via the antenna indicated that 
a fish was either motionless or exhibited minimal activity, whilst large variation in recorded 
signal strength indicated that the fish was actively moving within its pool. In this study the 
receiving range of the antenna was fixed at 26 m. Thus if a fish moved more than 13 m either 
side of the antenna, transmission would be lost until the fish returned within receiving range. A 
light meter (Hobo, Onset Instruments) which recorded light levels every 5 min throughout the 24 
h cycle was activated at the commencement of each 24 h recording period to determine whether 
activity patterns were related to light intensity. 
Activity patterns were recorded for seven individuals in winter and six in summer. More 
than one 24 h recording was collected for three of these individuals in winter and five in summer. 
In addition, during each season, two individuals were monitored continuously for 72 h to 
determine whether activity patterns exhibited during a single 24 h period were repeated over 
consecutive days. The number of recordings possible for each individual was determined by the 
variation in time that fish remained in contact during the study. For instance, fewer recordings 
were obtained from those fish where contact was lost earlier. 
GIANT KOKOPU DIET 
A limited diet study was conducted on both streams to determine whether the feeding 
habits of giant kokopu related to observed patterns of habitat use and activity. Giant kokopu 
(excluding fish with transmitters) were stomach flushed once during winter on May 3, 1999 (n = 
10 fish/ stream) and once during summer on January 9, 2000 (n = nine fish/ stream). Winter 
fish were captured between 1900 hand 0200 hand summer fish between 2200 and 0300. Fish 
were captured using a spotlight and dipnet and then transferred to a bucket containing 125 µJ/1 of 
two phenoxyethanol dissolved in stream water. Once anaesthetised, fish were measured (nearest 
mm) and then stomach flushed using either a 25 ml syringe (2 mm diameter tube) for fish 
between 10 and 14 cm in length or a 60 ml syringe (3 mm diameter tube) for fish between 15 and 
33 cm. Gut contents were flushed onto a sorting tray and then transferred to a pottle and fixed 
with 90 % ethanol. Most items appeared to be regurgitated during the first flush with no fish 
being flushed more than three times. On average the total handling procedure took less than one 
minute (range 50 s - 90 s). After flushing, fish were placed in fresh aerated stream water to aid 
their recovery. Once a fish had regained equilibrium (usually within 30 s), it was returned to its 
point of capture. 
ANALYSES 
Habitat use - The ability to statistically analyse the habitat use telemetry data in this study 
was compromised because measurements collected on individuals were not independent through 
time and individual replication was low. This is a problem commonly encountered in fish 
radiotracking studies (e.g. Brown and Mackay 1995). Furthermore, certain habitat variables such 
as flow, depth and substrate are frequently co-linear in nature. While Principal Components 
Analysis (PCA), could have been used to assess the relative importance of particular habitat 
variables in this study, such an approach is more appropriate when a larger number of variables 
have been recorded. Instead we present our data using similar methods to those used by 
Matheney and Rabeni (1995) whereby individual habitat variables available to and used by each 
fish were pooled within each season and converted to proportions. Using this approach, the 
availability and proportional use of each habitat variable (flow, depth and substrate) can be 
assessed independently. 
Activity - activity patterns of giant kokopu were examined at an individual level rather 
than at a population level. This approach enabled any idiosyncratic differences in activity 
(exhibited by individuals during a 24 or 72 h cycle) to be identified. 
~C=h=a~p~te=r~5~:~H=a=b=i=ta=t~u=s=e~,a=c~t~iv~i~ty~a=n=d=-=h=om==e~r=a=nQge=----=:o~f~g=ia=n=t~k=o=k=o~pl~l~~~~~~~~~~~76 
Homerange and cover use - High discharge events occurred frequently throughout this 
study and most individuals moved and settled into a new home reach at some time during these 
periods (for more information see chapter 6). In effect, the number of locations recorded for 
individual fish within a single pool was frequently low thus providing insufficient points for 
confident estimation of their home range during stable flow periods. Nevertheless, a total of at 
least 25 day/night locations was obtained within a single pool for three individuals in winter and 
four in summer. The estimated home ranges for each of these fish (hereafter 'stable fish') are 
presented as individual figures in the results section. In addition to home range, the cover 
locations used by stable fish are also presented on the same figures for the same reasons outlined 
above. Home range estimates for those individuals for which a total of less than 25 day/night 
points were collected in a single pool (hereafter 'unstable fish') are presented as a separate 
summary table. In order to examine a possible overall relationship between the pool length and 
home range size a regression was performed for stable fish and unstable fish where each pool 
location was a replicate. 
Results 
PHYSICO-CHEMICAL VARIABLES 
Alex's Creek and Cullen's Creek were very similar with respect to various physico-
chemical variables within seasons (Table 2). Water temperature and dissolved oxygen levels in 
both streams ranged from 3-9°C and 11-14 mg/1 in winter to 10-6°C and 7-12 mg/1 in summer, 
respectively. Both streams were neutral to slightly basic (range 6.6-8.6) and exhibited low 
conductivities (70-137 µs) throughout the study. On average, stream discharge was slightly 
lower in summer (0.8 m3/s Cullen's, 0.5 m3/s Alex's) than winter (1.42 m3/s, 0.66 m3/s). 
Maximum and minimum air temperatures for the region were consistently higher in summer than 
winter (Fig. 2) and rainfall events more frequent, though less intense in winter (Fig. 3 a) than 
summer (Fig. 3 b). 
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Table 2. 
Physico-chemical parameters recorded for Cullen's and Alex's Creeks during winter (May-Sept 
1999) and summer (Jan-Apr 2000). 
Cullen's - winter Alex's - winter 
Parameters Average Max Min Average Max Min 
Depth (cm) 32.2 145.0 0.0 26.2 119.0 0.0 
Flow (mis) 0.08 0.90 0.00 0.07 0.70 0.00 
Width (cm) 212.5 430.0 45.0 140.2 274.0 50.0 
Temp Water (°C) 5.54 7.50 3.90 5.61 8.60 3.40 
Discharge (m3/s) 1.42 9.53 0.17 0.66 6.14 0.06 
Dissolved 0 2 (mg/1) 12.71 13.60 11.70 12.55 14.02 11.00 
pH 7.79 8.50 7.20 7.81 8.60 6.60 
Conductivity (µs/cm) 79.03 93.60 71.50 85.29 104.30 70.20 
Cullen's - summer Alex's - summer 
Parameters Average Max Min Average Max Min 
Depth (cm) 40.1 187.0 0.0 24.0 90.0 2.0 
Flow (m/s) 0.08 0.61 0.00 0.08 0.70 0.00 
Width (cm) 195.5 330.0 87.0 116.4 274.0 37.0 
Temp Water (°C) 13.23 15.30 10.00 13.00 15.10 10.00 
Discharge (m3/s) 0.80 5.83 0.18 0.50 5.20 0.05 
Dissolved 0 2 (mg/1) 10.13 11.98 7.50 9.72 11.55 8.46 
pH 7.78 8.00 7.60 7.63 7.90 7.60 
Conductivity (µs/cm) 88.93 99.70 77.20 109.75 137.10 95.00 
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During winter, fish were tracked froin May 29 (two weeks post iinplantation) to 28 
August, 2000 with earliest contact lost on July 22 for fish A W4 (Table 3). During suIIlIIler fish 
were tracked froin January 16 (two weeks post iinplantation) to April 3, 2001 with earliest 
contact lost on 25 February for fish CS4 (Table 3). Habitat use of giant kokopu was detefIIlined 
froin a total of 124 day and 87 night locations (n = 8 fish) collected during winter and 103 day 
and 80 night locations (n = 8 fish) during suininer (Table 3). Habitat available to fish was 
deterinined froin 802 point recordings in winter and 555 in suininer. A greater nuinber of 
available habitat points were collected during winter because fish Inoved ( during high discharge) 
to new locations Inore frequently than in suIIlIIler. 
Giant kokopu predoininantly used low flows (0-0.02 :mis) during both the day (83 % of 
recordings) and at night (78 %) dming winter, with those flows being used in greater proportion 
than their availability ( 49 % ) (Fig. 4 a). Although higher flows were available, fish never used 
flows above 0.08 :mis during the day or night. During suIIlIIler, low flows (0-0.02 :mis) were also 
used regularly by fish during the day (71 %) and in greater proportion than their availability (45 
% ) (Fig. 4 b ). At night however, fish exhibited a preference for higher velocities with greater 
than 60 % of recordings in flows higher than 0.03 :mis coinpared to 23 % in winter (Fig. 4 b ). 
The highest flows used by fish at night in suIIlIIler (0.15-0.17 :mis) were alinost twice as fast as 
the fastest flows used at any tiine during winter (0.06-0.08 :mis). 
Depths used by giant kokopu during winter were priinarily between 21-40 cin (45 % day, 
52 % night) although depths between 41-60 cin were also used frequently (31 % day, 28 % night) 
and in greater proportion than their availability (12 % ) (Fig. 4 c ). In contrast, depths between 0-
20 CIIl were used infrequently (14 % day, 8 % night) even though a relatively high proportion of 
this depth range was available ( 42 % ). In suIIlIIler, however, fish exhibited a Inarked increase in 
the use of depths between 0-20cin, particularly at night (43 %) but also during the day (28 %) 
(Fig 4 d) although depths between 21-40 cin were still used frequently (43 % day, 37 % night). 
During winter, giant kokopu frequently used silt substrates during both the day (66 % ) 
and night (68 %) with this substrate type being used in greater proportion than its availability (39 
%) (Fig. 4 e). Gravel substrates were also used froin tiine to tiine (25 % day, 20 % night). All 
other substrate types were used relatively infrequently. During SUininer a wider range of 
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substrates were used. Silt substrates were still commonly used during the day (31 % ), but coarser 
substrates, including gravel (22 %), cobble (22 %), bed rock (13 %) and boulder substrates (11 
% ), were also used (Fig. 4 f). At night, gravel (53 % ) and cobble (23 % ) were the most 
frequently used substrates. Silt substrates which were commonly used at night in winter (68 %), 
were used much less frequently at night in summer (19%) although availability of this substrate 
type was lower (17 % ) than it was during winter (39 % ). 
During summer and winter, most individuals exhibited a preference for one or two 
(occasionally three but never more than four) cover locations within their pool which they used 
repeatedly (Table 4, Figs 5 & 6). Cover was only used during daylight although the frequency 
with which cover was used differed seasonally. During winter, fish were always located under 
cover and never seen during the day (Fig. 5) whereas individuals were occasionally located and 
visually observed in open water habitats during summer (Fig. 6). Although individuals tended to 
use the same cover location repeatedly, a wide variety of cover types was used by different fish 
during both seasons (Fig. 7). For instance, during winter, fish CWl exhibited exclusive use of a 
log/aquatic vegetation combination (Fig. 5 a), fish AWl used three locations comprised entirely 
of aquatic vegetation (Fig. 5 b) and fish AW3 exhibited exclusive use of an undercut boulder 
(Fig. 5 c). In summer, fish AWl occupied the same pool as it did in winter but used a different 
cover location that differed in its composition (vegetation/log Fig. 6 a). Similarly, fish CWl 
occupied the same pool and also used a different cover location that differed in its composition 
(aquatic vegetation Fig. 6 b). Further variation in cover use was exhibited by fish AS3 (Fig 6 c) 
and AS2 (Fig. 6 d). AS3 used cover provided by undercut banks and logs (Fig. 6 c) and AS2 
exclusively used a cover location comprised entirely of logs (Fig. 6 d). All cover positions, 





Total day and night locations and tracking period for individual fish during winter and su1TIITier in 
Cullen's and Alex's Creeks. * indicates fish tracked during both seasons 
Winter Summer 
Stream Fish Day Night Track Period Fish Day Night Track Period 
Cullen's CWl * 20 15 29/5 - 25/8 CWl * 13 12 2/2 - 3/4 
CW2 13 9 29/5 - 13/8 CS2 7 6 2/2 - 9/3 
CW3 17 12 29/5 - 13/8 CS3 15 14 2/2 - 3/4 
CW4 13 9 29/5 - 19/8 CS4 3 3 2/2 - 25/2 
Alex's AWl * 20 13 29/5 - 28/8 AWl * 15 9 2/2 - 3/4 
AW2 12 7 29/5 - 16/8 AS2 17 12 212 - 3/4 
AW3 16 11 29/5 - 7/8 AS3 16 11 212 - 3/4 
AW4 13 11 29/5 - 22/7 AS4 17 13 2/2 - 3/4 
Total 124 87 - Total 103 80 -
Table 4 
NuITiber of cover locations used by individual giant kokopu in Cullen's and Alex's Creeks during 
winter and su1TIITier. NuITibers in parentheses represent the nuITiber of day locations on which 
cover use in each reach was based (CL Rl = Cover Location(s) used in Reach 1). * indicates 
those fish for which Inore than 25 day/night locations were obtained in a single reach. For Inore 
information see Figs. 5 and 6. 
Winter Summer 
Stream Fish CLRl CLR2 CLR3 Fish CLRl CLR2 CLR3 
Cullen's CWl * 1 (20) * CWl * 1 (13) * 
CW2 2 (7) 1 (5) CS2 3 (7) 
CW3 2 (4) 2 (9) 3 (4) CS3 3 (7) 1 (6) 
CW4 2 (9) 2 (4) CS4 1 (3) 
Alex's AWl * 2 (4) 3 (16) * AWl * 1 (15) * 
AW2 2 (5) 1 (7) AS2 1 (14) * 
AW3 1 (15) * 1 (2) AS3 4 (15) * 
AW4 2 (4) 1 (9) AS4 2 (8) 1 (8) 
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Winter Summer 
100 a) 100 b) 
80 CJAvail n= 802 80 
BAvail n= 555 
CUsed Day n= 124 
Cl Used Day n= 103 
60 60 II Used Night n = 80 
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Fig. 4 
Proportion of habitats (flow, depth, substrate) used by, and available to giant kokopu during 
the night and day throughout winter and summer. si = silt, gr = gravel, br = bedrock, co = cobble 





Cover use and home range recorded for three individual fish in winter for which more than 25 
day/night points were recorded in the same pool. X = night positions, o = day cover positions. For 
definitions of cover, e.g. VIL see Fig. 7. Number in parentheses represents the number of times 










Cover use and home range recorded for four individual fish in summer for which more than 25 
day/night points were recorded in the same pool. X = night positions, o = day cover positions, 41P 
= visually observed in open during the day. For definitions of cover e.g. VIL see Fig. 7. Number 
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Fig. 7 
Proportion of cover types used by giant kokopu during the day in winter (DW) and suilliller (DS). 
V= vegetation, L = logs, UCBA = undercut bank, UCBO = undercut boulder and BF= bankfall. 
Relllaining cover types are coIT1binations, e.g. V /L = vegetation and log coIT1position. 
ACTIVITY 
During 24 h periods in winter, individual giant kokopu exhibited a defined pattern of high 
nocturnal activity (Fig. 8). Activity appeared to be closely linked to photo-period with increasing 
light intensity coinciding with a decrease in fish activity and vice versa. More specifically, fish 
activity was consistently low between 0900 and 1600 hand consistently higher between 1700 and 
0830 h. The nocturnal pattern of activity exhibited by fish during a single 24 h recording period 
was also shown to recur over consecutive days (72 h) for individuals A WI and CWI (Fig. 9 a, b ). 
During suIT1IT1er, fish activity between individuals was Illore variable (Fig. 10). For 
instance, fish CS3 (Fig. 10 a, b) exhibited an allllost reverse winter pattern being highly active 
during the day and less active at night whereas fish AS4 (Fig 10 c, d) exhibited the typical winter 
pattern. Alternatively, fish AS3 (Fig. 10 e, f), CWI (Fig. 10 g, h) and AS2 (Fig. 10 i, j) displayed 
no apparent pattern being active during both the day and night. Variable activity during a 24 h 
period was also exhibited by fish A WI and AS3 over consecutive days (Fig. 11 a, b ). Fish A WI 
exhibited relatively high levels of activity during the first 24 h being active throughout the day 
and night, but over the next 48 h the activity was Illuch lower, particularly during the light part of 
the 24 h cycle (Fig. 11 a). Fish AS3 showed no apparent pattern, exhibiting variable activity 
throughout the 72 h recording period (Fig. 11 b ). All fish, irrespective of season, were always 
within the receiving range of the antenna (26 Ill) throughout 24 or 72 h recordings suggesting that 
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Activity of individual giant kokopu during winter. Each bar represents the ITiean variation in 
signal strength over 3 10 sec intervals recorded every 10 ITiin during a 24 h period. Bar at bottoITI 
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Day 1 Day2 Day3 
a) AWl 27/6/99 28/6/99 29/6/99 
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Fig. 9 
Activity of individual A WI a) and CWl b) recorded over 3 consecutive days during winter. Each bar represents the mean 
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b) CS3 (2) 
d) AS4 (2) 
f) 
h) CWl (2) 
Activity of individual giant kokopu during su1TIITier. Each bar represents the ITiean variation in 
signal strength over 3 10 sec intervals recorded every 10 ITiin during a 24 h period. Bar at bottoITI 
indicates light/dark periods. 
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Fig. 11 
Activity of individual AWl a) and AS3 b) recorded over 3 consecutive days during winter. Each bar represents the mean 
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HOME RANGE 
Point-in-time locations and activity recordings on individual fish during winter and 
summer indicated that giant kokopu consistently used a stream reach which included a single 
riffle-pool sequence. Except during periods of high discharge, fish were rarely located outside 
their home reach. During winter, three stable fish (25 or more day/night points from a single pool 
recorded) were used to predict the home range size of giant kokopu. The observed home range 
for each stable fish during this period was 14 rn (Fig. 5 a), 12m (Fig. 5 b) and 8 rn (Fig. 5 c). 
Horne ranges of unstable fish (less than 25 day/night points recorded) were comparable and 
ranged between 8 rn and 20 rn (Table 5). 
The home range of giant kokopu during summer was generally similar to that observed 
during winter. The home ranges of four stable fish were 14 rn (Fig. 6 a), 10 rn (Fig. 6 b), 12 rn 
(Fig 6 c) and 24 rn (Fig. 6 d). There were two fish, however, that used particularly large home 
ranges for a period during summer, fish CS2 in Cullen's Creek (68 rn), and fish AS4 in Alex's 
Creek (82 rn) (Table 5). The stream reaches occupied by these fish were atypical from the stream 
reaches used by other tagged fish in that the pool component of the riffle-pool sequence was c. 3 
times longer (Table 5). During a high discharge event in summer, AS4 moved and settled into a 
new reach where the pool length was 14 rn (Table 5). The home range of AS4 in the new reach 
was never recorded as being greater than 12 rn (Table 5) suggesting a possible relationship 
between home range size and pool length. Regressions plotted for stable fish and unstable fish 
irrespective of season indicated that there was a positive and significant relationship between 
pool length and home range size for both groups (stable fish R2 = 0.607, P = 0.039, unstable fish 
R2 = 0.894, P = 0.0001, Fig. 12). 
Except for the period when CS2 and AS4 were using longer reaches, activity data 
confirmed that individuals were always within the receiving range of the fixed antenna (26 rn) 
when monitored continuously for 24 or 72 h. 
~ 
Table 5 








parentheses represent the total day and night locations on which the home range in each reach was estimated (HR Rl = Home Range Reach 1, PL I[ 
~ 
Rl = Pool Length Reach 1). * indicates fish for which more than 25 day and night locations were recorded in a single reach. For more details on 
these fish see Figs. 5 and 6. 
Winter Summer 
Stream Fish HR Rl PLRl HRR2 PLR2 HRR3 PLR3 Stream Fish HR Rl PLRl HRR2 PLR2 HRR3 PLR3 
Cullen's CWl 18 (35) * 20 - - - - Cullen's CWl 14 (25) * 20 - - - -
CW2 20 (14) 20 14 (8) 22 - - CS2 68 (13) 52 - - - -
CW3 16 (8) 18 10 (15) 10 12 (6) 13 CS3 22 (14) 20 22(11) 35 - -
CW4 16 (14) 19 8 (8) 11 - - CS4 14 (6) 14 - - - -
Alex's AWl 8 (8) 9 18 (25) * 18 - - k<\lex's AWl 16 (25) * 18 - - - -
AW2 12 (9) 12 12 (10) 12 - - AS2 24 (25) * 22 - - - -
AW3 14 (25) * 15 18 (4) 23 - - AS3 12 (25) * 12 - - - -
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Fig.12 
Relationship between home range size and pool length within reaches used by giant kokopu. 
O = stable fish (more than 25 day/night points recorded in the same pool). • = unstable fish (less 
than 25 day/night points recorded in same pool) 
DIET 
Numerically, aquatic prey items were more prevalent in the diet of giant kokopu than 
terrestrial items during both winter (n = 20 fish) and summer (n = 18 fish) (Table 6). Of the fish 
sampled, the majority of prey items appeared to be recently ingested and were readily 
identifiable. Cased caddisflies and mayflies were the most common aquatic prey items in the diet 
and beetles, millipedes, leaf hoppers and spiders the most common terrestrial foods (Table 6). 
The most notable difference in dietary components between seasons was the substantial increase 
in the abundance of mayfly nymphs (Deleatidium sp) and leaf hoppers (Homoptera) in the 
summer diet and increase in abundance of millipedes in the winter diet. 
"""'C""'h""'ap~t""'e~r =5_,_: H~a""'b1"'""· t""at"-'u""s'""e:.,...., """ac""'t"'""iv'"""i.;;tyL.ca""'n"""d"--'h""o=m~e-"'-ra""'n""'g...,,e'-'o=f~g~i=an,..,t'"""k=o=k=o~p=u'--__________ 9.3 
Table 6 
Proportion of various aquatic and terrestrial prey items identified from the guts of n=20 giant 
kokopu in winter 1999 and n=18 in summer 2000. Total No ID= the total number of aquatic and 
terrestrial items identified in each season 
Prey origin Prey type winter(%) summer(%) 
Aquatic caddisflies 68.7 44.3 
mayflies 2.3 40.7 
other 29 15 
Total No ID 245 325 
Terrestrial beetles 17.7 36.8 
millipedes 55.32 4.6 
leafhoppers 0 21 
spiders 4.3 13.8 
other 22.7 24.1 
Total No ID 141 325 
Discussion 
MICRO-HABITAT USE AND ACTIVITY 
During winter, giant kokopu were always concealed amongst cover during the day and 
used open, low velocity habitats and silt substrates at night. Point-in-time observations of habitat 
use and 24 h activity recordings both indicate that giant kokopu were nocturnal during winter. 
Activity was closely linked to photoperiod with a sudden increase in activity at dusk and sudden 
decrease at dawn. This pattern was consistent for all fish monitored over 24 h and also shown to 
recur over consecutive days. Winter patterns of habitat use and activity were similar to those 
frequently observed for salmonids in the Northern Hemisphere (Bjornn 1971, Fraser et al 1993, 
Heggenes et al 1993, Contour and Griffith 1995, Young 1998). Numerous studies indicate that 
winter concealment behaviour and subsequent nocturnalism in freshwater fish is triggered by 
decreasing water temperatures (Heggenes et al. 1993, Contour and Griffith 1995, Fraser et al 
1995). Suggested benefits of nocturnal activity and diurnal concealment during winter include 
I • 
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protection from predators (Valdimarsson and Metcalfe 1998, Meyer and Gregory 2000) and 
reduced energy expenditure (Heggenes et al. 1993). 
During sulTilTier giant kokopu used higher flows, coarser substrates and shallower depths 
at night and occasionally emerged from cover to occupy open water habitats during the day. 
Activity data indicated that fish activity was greater during sulTilTier, and in accordance with 
observed patterns of habitat use, confirmed that fish were also occasionally active during 
daylight. Such behaviour is perhaps not surprising given that higher temperatures in temperate 
streams increase the energetic requirements of fish (Facey and Grossman 1990 and references 
therein) and food resources such as terrestrial invertebrates (Closs 1994) and drifting 
invertebrates (McClay 1968, Brittain and Eikeland 1988) are generally more abundant than they 
are during winter. 
Although activity was greater in summer, in contrast to winter, activity was less 
predictable and less defined. Variability was evident between individuals recorded over 24 h and 
also for individuals recorded over consecutive days. Recently, various researchers have indicated 
that salmonids may also display variable behaviour during summer with fish often exhibiting 
significant nocturnal activity (Clapp et al. 1990, Young et al. 1997 b, Young 1999). While 
reasons for such behaviour are not yet understood, observed patterns are likely to be represented 
as a complex tradeoff between predation risk, water temperature and food availability (Young 
1999, Metcalfe et al 1998). 
During sulTilTier, giant kokopu were regularly located and observed in drift feeding 
positions at night and also occasionally during the day. This behaviour may explain why giant 
kokopu showed a distinct increase in the use of higher flows, particularly at night. Dietary 
information, while limited, provided further evidence of nocturnal drift feeding with most fish 
captured at night having ingested late instar ephemeropteran nymphs. Although invertebrate drift 
was not quantified, the use of higher flows by fish at night may have been in response to a higher 
abundance of drifting invertebrates during this period. The importance of food availability and 
its influence on fish behaviour and habitat use has been demonstrated by numerous researchers. 
For instance Pausch et al. (1997) and Nakano et al. (1999) demonstrated how gradual depletion of 
invertebrate drift (and a subsequent reduction in encounter rate with drifting prey), caused 
salmonids to shift from drift feeding at distinct focal points to active foraging throughout stream 
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pools. Similar, though natural fluctuations in invertebrate drift were likely to have occurred 
during the current study and may have influenced observed patterns of habitat use and activity. 
Although giant kokopu also displayed diurnal drift feeding during summer, such 
behaviour was observed relatively infrequently and less consistently than it was at night. While 
many of New Zealand's native freshwater fish are considered to be primarily nocturnal 
(McDowall 1990 a), reasons for such behaviour are poorly understood. One possibility may 
involve predation threats during the day, although present day predators are seemingly few in 
number. Kingfishers (Halcyon spp.), bitterns (Butaurus spp.), cormorants (Phalacrocorax spp.), 
and introduced salmonids represent potential day predators while nocturnal predators may 
include eels (Anguilla spp.) and introduced mustellids (e.g. stoats and ferrets). Of these, only eels 
were frequently observed at the field sites. Salmonids, cormorants and stoats were each seen on 
less than three occasions over a two year period. Thus, reasons for nocturnal behaviour are not 
clear. 
Irrespective of the reasons causing nocturnal behaviour, it is apparent that many of New 
Zealand's native fish have evolved certain morphological characteristics to assist them during 
darkness. For instance, McDowall (1997) suggested that the accessory lateral line (a structure 
unique to nocturnal galaxiids in Australia and New Zealand including the giant kokopu) is 
probably a morphological adaptation to assist in the detection of predators or surface prey at 
night. Furthermore, Montgomery and Milton (1993) highlighted the importance of the lateral line 
to feeding success in the torrentfish (Cheimarrichthys fosteri), another nocturnally active native 
fish. While the torrentfish was highly efficient at capturing prey during complete darkness, 
blocking the lateral line with cobalt chloride completely eliminated the ability of this species to 
capture prey at night. A study designed to examine the energetic requirements and prey capture 
efficiency of giant kokopu under differing light levels would certainly aid in more effectively 
interpreting observed patterns of habitat use and activity obtained from the current study. If giant 
kokopu were able to forage relatively efficiently at night, then diurnal foraging may only be 
required on those occasions when the required energy intake was not achieved at night. This 
would be in contrast to salmonids which tend to be diurnally active during summer (but for 
contrasting views see Clapp et al. 1990, Young et al. 1997b, Young 1999) and whose prey 
capture efficiency is reduced at low light levels (Henderson and Northcote 1985, Fraser and 
Metcalfe 1997). 
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COVER 
Most fish had an affinity for a particular cover position within their pool which they used 
regularly, although use of a second or third cover position was not uncommon. The composition 
of the cover did not seem to be important as a wide variety of cover types were used by different 
individuals. Perhaps of greater importance was that selected cover positions provided a zero to 
low flow environment and an area in which a fish could be completely hidden from view. Given 
that giant kokopu used cover during most daylight hours throughout winter and summer, the 
presence of this resource when associated with zero to low flows ( <0.05 mis) rather than its 
specific composition is likely to be a major factor determining the presence of giant kokopu in 
streams. 
HOME RANGE 
Most individual giant kokopu used a single pool-riffle sequence that was (in most 
instances) less than 26 m in length. Fish rarely ventured beyond the riffles that defined their 
home reach during base flow conditions during summer or winter. With the exception of fish 
AS4 and CS2 (which occupied reaches with atypically long pools), giant kokopu showed no 
apparent differences in home range size between winter and summer. Lonzarich et al (1998) 
suggested that fish movement in streams may be restricted by riffles which act as semi-permeable 
barriers. Riffles may have restricted giant kokopu movement in this study since individuals only 
moved from their home reach during high discharges (Chapter 6). Furthermore, a positive and 
significant relationship between pool length and home range size was evident indicating that fish 
rarely ventured beyond riffles. Pool habitats appear to be particularly important to adult giant 
kokopu given that the majority of their time (winter and summer) was spent in this habitat type. 
It is therefore probable that the availability of pools (in association with cover and low flows) is 
critical for the existence of adult giant kokopu within small streams. 
Chapter 6 
Behaviour of a stream dwelling fish before, during and 
after high discharge events* 
A high discharge event on Cullen's Creek (June 3, 2000) 




The movements of giant kokopu (Galaxias argenteus) were recorded before, during and 
after high discharge events in two small streams using radiotelemetry. Giant kokopu remained 
within defined stream reaches during base flow conditions. During high discharge events, 
individuals either stayed within their home reach, moved and settled elsewhere, or moved and 
returned to their home reach as flows subsided. The variable behaviour exhibited by individual 
giant kokopu suggested that reasons for moving during floods were complex. Reasons that may 
have influenced movement during floods included reproduction and mate searching, and or lack 
of adequate refugia. In many instances, giant kokopu appeared to exhibit adaptive behaviours in 
response to high discharges. Behaviours supporting this view included fish that did not move 
during the highest floods, fish that moved upstream during the peak discharge period, and fish 
that made purposeful 'micro-movements' (movements <5 m) into low velocity habitats. This 
study suggests that high discharge events may play an important role in organising populations of 
fish in small streams by providing opportunities for individuals restricted during base flow 
conditions to move to other stream locations. 
Key words: high discharge, individual behaviour, radiotelemetry, giant kokopu, movements, 
floods 
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Introduction 
High discharge events occur in most stream systems. The regularity, duration and 
magnitude of these events may differ widely within and between streams. Understanding how 
fish behave during such disturbances has important management implications (e.g. Bravo et al. 
2001). However, opportunities to assess the influence of floods on fish behaviour are infrequent, 
probably because of the unpredictability of such events and the logistic problems associated with 
such work (Matthews 1998). Current understanding of flood effects on fish behaviour is limited 
and based primarily on comparisons of fish community structure before and after floods (e.g. 
Matthews 1986, Jowett and Richardson 1989, Matthews et al. 1994). While such comparisons 
can provide information on what happened to the fish community as a result of an event, little is 
known of fish behaviour during an event. 
The resulting effects of floods on fish communities and even individual species may be 
quite variable. For instance, some researchers have noted an immediate decline in fish densities 
following floods (Allen 1951, Harrell 1978, Jowett and Richardson 1989, Bravo et al. 2001) 
whereas others have recorded delayed (Elwood and Waters 1969) or minor effects (Heggenes 
1988). In other studies, some species appear to be less influenced by high discharge events than 
others (e.g. Harrell 1978, Matthews et al. 1994). Although floods may have a negative impact on 
poorly adapted species (Meffe 1984), some species may take advantage of high discharge events 
to reproduce (Fernandes 1997, Katano and Hakoyama 1997, Parkinson et al. 1999), disperse to 
new areas (Fernandes 1997) or exploit newly available food resources (Ross and Baker 1983, 
Turner et al. 1994). 
Radiotelemetry has commonly been used to assess movements and habitat use of fish 
during stable conditions (Beyers and Carlson 1993, Pitman and Parks 1994, Swanberg 1997, 
Young 1998), however, it has rarely been used to record detailed movements of fish during high 
discharge events. In one of the few studies to examine fish movements during a flood, Matheney 
and Rabeni (1995) found that northern hog suckers (Hypentelium nigricans) remained within the 
same stream section by moving into inundated riparian areas during the peak discharge period. 
The giant kokopu, (Galaxias argenteus) is endemic to New Zealand and currently listed 
as a threatened species. This species is normally diadromous (McDowall 2000) and, although not 
common, is widely distributed through the coastal streams and lakes of the North and South 
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Islands (Bonnett 2000, New Zealand Freshwater Fish Database, NIWA). The small coastal 
streams in which these fish often reside can be subjected to regular 'flashy' spates due to New 
Zealand's highly variable maritime climate (Mosely and Pearson 1997). It is not known how 
giant kokopu are affected by these spates, although their persistence in such small streams 
suggests that they may have well-adapted responses. In this study I examined the movements of 
individual giant kokopu before during and after high discharge events 
Methods 
STUDY SITES 
Movements of adult giant kokopu were monitored in two streams in New Zealand's South 
Island. Cullen's Creek (3'd order) and Alex's Creek (2nd order) are tributaries of Lake Waihola, 
approximately 45 km south west of Dunedin (Fig. 1). The streams arise in adjacent catchments 
(1.2 km apart) and are very similar with respect to structure, land-use and fish species 
composition (see Chapter 2). Giant kokopu is the dominant fish species in both streams. The 
catchments of these streams are heavily grazed by livestock and modified (channelised) in their 
lower 600 m, although limited riparian vegetation still persists in some areas. Above the 
channelised sections, stream heterogeneity increases with defined pool-riffle sequences and 
substrates change from fine silts and mud to sand and coarser gravels. Upper reaches are 
characterised by a predominantly bedrock substrate and a mixture of exotic and native riparian 
vegetation. On average, both streams are less than 2.5 m wide and 0.35 m deep. 
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Fig.1 
Location of the two study streams (Cullen's and Alex's Creeks) in which movements 
of giant kokopu were recorded before, during and after high discharge events. 
PHYSICO-CHEMICAL PARAMETERS 
Throughout the study, pH, dissolved oxygen, conductivity and water temperature were 
recorded. Dissolved oxygen and conductivity (YSI 85, YSI Inc. Ohio) and pH (pHep3) were 
measured on each trip and water temperature was recorded every 6 h (Hobo temperature logger, 
Onset Instruments) for the duration of the study. Discharge data for both streams were recorded 
on each sampling occasion using an electromagnetic flow meter (Marsh-McBirney, Flo-mate). 
Flow was recorded at 0.3 and 0.6 of the depth at 10 cm intervals across a narrow and well-
defined (almost rectangular) cross-section of stream. Flow at the point at which discharge was 
't 
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measured was laminar and the substrate comprised fine uniform gravels, thus reducing 
turbulence. Discharge data for each stream were related to depth readings obtained from stage 
height posts (SHP), located 10 m downstream from the discharge recording area. During several 
high discharge events (defined in this study as greater than five times base flow discharge), 
extreme flow and depth conditions prevented entry to the discharge recording area. On these 
occasions an equation derived from the relationship between discharge and SHP depth (Gordon et 
al. 1992) was used to calculate approximate discharge in each stream. While this method 
appeared to provide a reasonable estimate of discharge at or below bank-full flows, discharge 
estimates were likely to be less accurate when stream levels rose beyond bank-full (three 
occasions). 
FISH CAPTURE AND TRANSMITTER IMPLANTATION 
Detailed movements of giant kokopu equipped with radiotransmitters were recorded 
during two periods; May-September 1999 (n = eight fish; four in each stream) and January-
August 2000 (n = six fish; three in each stream), hereafter referred to as period one and period 
two, respectively. Fish to be implanted during each period were captured using a spotlight and 
dipnet and held in flow-through fish boxes overnight. The following morning a radio-transmitter 
(Advanced Telemetry Systems, Model 357) was surgically implanted (Chapter 4) into the 
abdominal cavity of each fish prior to its release at its point of capture. Two fish implanted for 
period one (known hereafter as 'CWl' - Cullen's Creek and 'AWl' - Alex's Creek) continued to 
transmit during period two and were thus tracked during both periods. Total length of implanted 
fish ranged from 24.5 - 31.5 cm and weight ranged from 206 g - 462 g (see Table 1 in Chapter 
5). 
One fish implanted for period two (known hereafter as 'CS3'), was originally captured in 
a tributary of Cullen's Creek, but, due to the inaccessible nature of the pool in which it was 
captured (steep bedrock walls preventing access to majority of reach), it was relocated to another 
pool in the mainstem with easier access (263 m away). 
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FISH LOCATION 
Locations of fish during low and high discharge conditions were determined by 
triangulation twice per day using a hand-held, three-element Yagi antenna (Sirtrack Ltd) and 
receiver (Falcon Five, Wildlife Materials). Retrieval of hidden transmitters prior to the study and 
visual confirmation of the position of triangulated fish by spotlight at night indicated that 
estimates of position were accurate to within lm2• During base-flow conditions, fish from each 
stream were located between one and three times per week during the day and night (as per 
Chapter 5). 
During periods of rainfall, daily visits were made to field sites to check river stage height 
and possible flood conditions. Once stage height had surpassed the level defining a high 
discharge event, monitoring of flood movements commenced. During high discharge conditions, 
fish were monitored on consecutive days until flows returned to pre-flood levels (within 8 days 
after the peak discharge and no further rainfall). To determine fish locations, individual 
frequencies of each fish were programmed into a receiver (Falcon Five, Wildlife Materials) and, 
as I walked upstream, the receiver cyclically scanned for each of the frequencies. Upon detecting 
a signal, I switched off the scan mode and determined the position of the transmitting fish using 
triangulation. Cover type and flow used by the fish were then recorded if possible. The position 
held by each individual was reassessed when I returned downstream (between 1-4 h later) to 
determine whether there had been any movement since the first location. The distance travelled 
by each individual over approximately 24 h was determined by measuring the distance between 
the current position of the fish and its position recorded on the previous day. 
Results 
PHYSICO-CHEMICAL PARAMETERS 
During winter months, dissolved oxygen levels in both streams were typically 12-13 mg/1 
and water temperatures 5-6 °C (Table 1). In summer, dissolved oxygen levels were slightly 
+ 
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lower, 9-10 mg/I and water temperature markedly higher, 13-14 °c. Both streams had low 
conductivities and were slightly basic throughout the study (Table 1). 
Table 1 
Physico-chemical parameters for Cullen's and Alex's Creeks recorded during summer (January-
March and winter (May- August) 1999/2000. Parameters expressed as means with standard 
deviation in brackets. 
Summer DO (mg/I) Temp (C) Conductivity (µs/cm) pH 
Cullen's 10.13 (2.00) 13.23 (1.85) 88.93 (6.27) 7.78 (0.21) 
Alex's 9.72 (1.79) 13.00 (1.72) 109.75 (11.56) 7.63 (0.25) 
Winter DO (mg/I) Temp (C) Conductivity (µs/cm) pH 
Cullen's 12.71 (0.67) 5.54 (1.17) 79.03 (6.02) 7.79 (0.35) 
Alex's 12.55 (0.76) 5.61 (1.42) 85.29 (9.87) 7.81 (0.44) 
The relationship between stage height post (SHP) and discharge is presented in Fig. 2. 
The straight-line equation derived from this relationship was used to estimate the discharge on 
three occasions when stream levels rose beyond bank-full (floods two, six, seven; Figs. 3 a, c, d). 
It should be noted that the relationship between SHP and discharge is more likely to be 
represented by a parabolic rather than a linear hydrograph at higher discharges (Gordon et al. 
1992). However, because it was not possible to record discharge accurately during high flows, 
estimates could only be derived from existing points recorded during lower discharges. 
Nevertheless, SHP readings during each flood provide an indication of each flood's magnitude 
relative to other floods. 
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Relationship between stage height post (SHP) and discharge from which flood discharge 
estimates were calculated for a) Cullen's stream and b) Alex's stream. Equation given refers to 
the straight-line equation into which SHP readings taken during floods were substituted for 'y' to 
obtain discharge estimates. 
Three high discharge events occurred simultaneously on both streams during period one: 
flood one, 15 June 1999; flood two, 28 July 1999 and flood three, 8 September 1999 (Fig. 3 a, b). 
During period two, four high discharge events occurred: flood four, 27 January 2000; flood five, 
13 March 2000; flood six, 3 June 2000 and flood seven, 20 August 2000 (Fig. 3 c, d). Stream 
discharge was slightly higher in Cullen's Creek than Alex's Creek. Two high discharge events 
(flood two and flood six) broke bank-full on both streams whilst flood seven broke bank-full only 
on Cullen's Creek. 
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Discharge data for Cullen's a, c and Alex's b, d during period 1 (May - Sept 1999) and period 2 
(Jan - Aug 2000) respectively. Numbers above each hydrological spike (e.g. Fl) denote each 
flood as referred to in text. 
FISH MOVEMENTS 
During base flow conditions in period one, a total of 124 day and 87 night locations was 
recorded for all fish on both streams. On average, 15 day (range 12-20) and 11 night (range 7-
15) locations were obtained for each individual. During period two, a total of 103 day and 80 
night locations were recorded for all fish in both streams with an average of 13 day (range 3-17) 
and 10 night (range 3-14) locations recorded for each individual. 
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During stable flow conditions all fish in both streams were found to use a defined reach 
that was generally less than 20 m long and always included a pool bounded by a riffle at either 
end (Chapter 5). Other than fish CW2 (which moved 20 m downstream to occupy a new pool), 
giant kokopu were never located beyond the riffles that defined their home reach at base flow 
conditions. 
During the floods, fish movements were classified into three categories; 'stay' (fish that 
did not move outside their base-flow home reach), 'move and settle' (fish that moved from their 
home reach and settled elsewhere in the stream), and 'move and return' (fish that moved from 
their home reach but returned before flows had returned to pre-flood levels; usually within 8 
days) (Table 2, Fig. 4). During high discharge events, fish were found to 'stay' in their home 
pool on nine occasions (n = five fish), 'move and settle' elsewhere on 16 occasions (n = nine 
fish) and 'move and return' to their home reach on 10 occasions, (n = five fish) (Table 2). Thus, 
several individuals exhibited more than one of the three behaviours during the study. With the 
exception of flood seven when data for only two fish were collected, at least one fish was always 
found to adopt one of the three behaviours during high discharge periods (Table 2). Fish were 
never found to be moving during daylight hours (based on no position changel-4 h after initial 
location), however, on successive days many were found to have moved to new positions (Fig. 
4 ), indicating that movements were likely to have occurred during darkness. 
Table 2 
Number of giant kokopu that stayed (stay), moved and settled elsewhere (go) and moved and 
returned (return) during each of seven floods. 
Flood Stay Go Return 
1 1 3 1 
2 1 5 2 
3 1 1 1 
4 1 3 2 
5 3 2 1 
6 2 1 2 
7 0 1 1 
total 9 16 10 
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While all fish (except CW2) remained within their home reach at all times during base-
flow conditions, individual behaviour during high discharge events was more variable (Fig. 4). 
Movements of two fish, 'A Wl' and 'CWl', were monitored from May 1999 to June 2000 and 
were each tracked through five floods (Fig. 4 a, band c, d). While these fish were consistently 
located within their home reach during base flow conditions, their individual behaviours during 
floods were quite different. During flood one, A Wl moved and settled to a new home reach 1.3 
km downstream and remained there until flood two (43 days later). During flood two, AWl 
again travelled downstream over 1 km, but, by the third day of the flood, had returned to the 
reach it occupied prior to moving. During floods three, five and six, A Wl stayed within its home 
reach. In contrast to AWl, CWl (Fig. 4 c, d) exhibited a more consistent pattern of behaviour 
leaving its home reach and moving downstream on each of the five different floods, but always 
returning to its home reach within eight days of the peak discharge. 
CWl was not the only fish to exhibit homing behaviour. Four other fish also displayed 
homing behaviour during particular floods (Fig. 4 a, h, 1, p). The farthest distance travelled by a 
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Distances moved (m) by individual giant kokopu from their original capture site during each 
flood in period one (left Figs) and period two (right Figs). Fish exhibiting homing behaviour (H), 
'micro-moves' (M) or for which contact was lost (LC) are indicated. ND= no data 
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The detailed movements of the translocated fish ('CS3') during period two can be seen in 
Fig. 4 1. Following relocation, CS3 remained in the pool where it was released (263 m from 
original capture site) for two weeks. Its emigration from this pool coincided with the first flood 
following its release, and within 24 h CS3 had returned to the pool where it was originally 
captured. On day two, however, CS3 swam back to the mainstem, and by the third day had 
returned to the pool to which it had been translocated and remained there until flood five (44 days 
later). During flood five, CS3 swam downstream again but continued past the tributary junction 
and positioned itself 180 m downstream of its pre-flood position. By day two CS3 had returned 
upstream, re-entered the tributary and returned to its home reach and original capture site. Over 
the next two floods CS3 travelled various distances downstream but always returned to its 
original capture site within five days of the peak discharge. 
The farthest known distance travelled by any fish during a flood was by 'AS4' during 
flood six (Fig. 4 n). However, on day two of this flood contact with AS4 was lost in Alex's 
Creek. Contact was regained one week later when AS4 was located within a tributary of Cullen's 
Creek. AS4 was the only fish known to leave the stream in which it was originally tagged. Other 
than AS4, contact was also lost for two other fish during floods in this study (AW 4, Fig. 4 e and 
AS2, Fig. 4 f). While these fish may have left the stream and travelled beyond the searched area, 
it is also possible that contact was lost due to transmitter failure, end of battery life, or predation. 
Of the five fish that remained within their home reach during floods, three (AWl, AW3 
and AS2) made 'micro-movements' from their typical cover position to other cover locations 
within the pool (Fig. 5 a, b, c ). A Wl displayed this behaviour once during flood five, and twice 
during flood six (Fig. 5 a). During flood six, A Wl responded to the increasing discharge by 
moving to the same refuge location it used during flood five. By day two the flows had subsided 
and A Wl had returned to its pre-flood position. Three days later however, a secondary peak in 
discharge occurred (Fig. 3 d) and A Wl subsequently returned to the refuge location. Within 24 h 
the flows had again subsided and AWl returned to its usual cover position. Similarly, AW3 and 
AS2 moved to low velocity positions and only returned to their pre-flood cover position once 
flows subsided (Fig. 5 b, c). 
'" 
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Micro-moves made by 'AWl' a), 'AW3' b), and 'AS2' c), during respective floods. Flow 
readings and movement of fish from their regular cover position ( o) to the refuge location P ) is 
indicated. 
Discussion 
Giant kokopu remained within home reaches during base flow conditions but exhibited 
variable patterns of movement during high discharge events. During low flow conditions adult 
giant kokopu may have been confined to discrete pool habitats, with riffles at either end of the 
pools acting as barriers to movement. The degree to which riffles may impede movement of fish 
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particularly during base-flow conditions has been examined (Matthews et al. 1994, Lonzarich et 
al. 1998, Lonzarich et al. 2000). Matthews et al. (1994), describe riffles as semi-permeable 
barriers to fish movement and noted that whilst smaller fish may cross riffles readily, larger fish 
cross less frequently and with greater difficulty. As discharge and depth increases however, 
movement of large fish to other stream areas may be facilitated (Lonzarich et al. 1998). During 
this study adult giant kokopu may have been restricted to their home pool during base flows, and 
high flow periods may have provided the opportunity for these large fish to move beyond their 
home reach. 
In many instances, giant kokopu appeared to exhibit adaptive responses to high water and 
were not simply displaced or forced downstream. Behaviours supporting this view were evident 
in fish that did not move during the largest floods, those that moved upstream on the first flood 
day (two individuals, one being the translocated fish), those that moved downstream but returned 
against high flows (though lower than the peak discharge) and those that made micro-movements 
into low flow areas during peak discharge periods. Similar 'intentional' movements to low 
velocity habitats have been noted for other fish species (Matheney and Rabeni 1995, Matthews 
1998, Allouche et al. 1999). 
The variable behaviour exhibited by individual giant kokopu suggests that reasons for 
moving during floods may be quite complex and influenced by different factors. During winter 
months (May - September) for instance, some movements may have been related to spawning 
behaviour and/or mate searching. During stable flow conditions, adult fish rarely shared their 
pool with other adults, hence movement (in most instances) would have been necessary to find a 
mate. One transmitter fish was evidently ripe (extremely rotund) just prior to flood two in July 
and after travelling downstream during the flood, this fish was presumably spent (substantially 
thinner) upon return to its home reach three nights later. During floods I refrained from visually 
locating tagged fish (possible only by spotlight because the species is primarily nocturnal) to 
avoid influencing their movement. However, I did observe other non-tagged fish aggregating in 
pools when prior to the flood only single fish were regularly observed in those areas. Elevated 
flows are a common cue triggering many fish species to spawn (Matheney and Rabeni 1995, 
Swanberg 1997), including some galaxiids (O'Connor and Koehn 1998, Allibone and Caskey 
2000). The spawning sites of giant kokopu are yet to be found though significant numbers of ripe 
" 
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adults moving in a downstream direction have been observed on a number of occasions 
(McDowall 1990) indicating that some type of migration probably takes place. 
Not all movements during this study could be attributed to spawning behaviour however, 
because many fish also moved during summer and autumn, well outside the expected June-
August spawning period for this species (McDowall and Kelly 1999). Another possible 
explanation for fish movement during floods may be that fish use higher flows to 'sample' 
(Matthews et al. 1994) or explore stream reaches that are not accessible during low flow 
conditions. The behaviour of some individuals suggested that 'sampling' of habitats may have 
occurred. One individual (CWl) moved to a new location with each successive flood, but always 
returned to its home reach as flows began to subside. Similarly, the direct movements made by 
CS3 between its relocation pool and its original capture site over successive floods suggested that 
sampling and assessment of those locations may have been occurring. Regardless of whether 
habitats were being sampled, both these fish displayed the ability to return to a reach they had 
previously occupied. 
The ability for fish to home may have advantages including improved foraging efficiency, 
lower probability of intraspecific competition, and an intimate knowledge of available cover 
within a home reach (Noda et al. 1994, Parkinson et al. 1999). Homing behaviour is a relatively 
common phenomenon amongst numerous marine (e.g. Quinn and Brodeur 1991, Marnane 2000) 
and freshwater (e.g. Swanberg 1997, Harvey and Nakamoto 1999) fish species. Giant kokopu 
appear to be yet another species capable of this behaviour with at least five individuals exhibiting 
homing behaviour at some point during this study. Several theories to explain homing abilities in 
fish have been proposed and they generally incorporate olfactory and/or visual mechanisms. The 
homing mechanisms used by giant kokopu are not known and suggest an interesting area for 
future research. 
The decisive factors that trigger movement of giant kokopu during floods are likely to be 
different for each individual. For instance one individual may move during a flood simply 
because the pool it inhabits lacks adequate refuge whereas another individual may stay because 
adequate refuge is available. However, regardless of the factors triggering movement, the variety 
of movements displayed by individuals during this study suggest that high discharge events play 
an important role in organising populations of giant kokopu in small streams. In addition, floods 
may also be an important process enabling habitats vacated during stable conditions (e.g., 
• 
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through death) to be reoccupied, thus maximising the use of the most suitable habitats available. 
Although many fish moved during floods, the majority of giant kokopu remained within the 
stream in which they were captured. However, the movement of one individual to another stream 
during this study suggests that occasional movements between streams do occur. 
Thus, giant kokopu did not appear to be passively displaced by floods in many instances, 
with some individuals remaining within their home reach during the most severe events. 
Nevertheless, movements by other individuals indicated that giant kokopu may move 
considerable distances during these periods. Consequently, habitat alteration and construction of 
barriers preventing longitudinal movement require careful consideration in streams containing 
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Abstract 
The spatial distributions, rates of movement and social interactions between giant 
kokopu of varying sizes were investigated in two stream pools. The spatial distributions of fish 
in pool A were more defined, exhibited less overlap and appeared to be more stable than those for 
fish in pool B. The distinct difference observed between the two pools may have been influenced 
by fish density which was lower in pool A (0.27 fish/m2) than in pool B (0.51 fish/m2). 
Although distributions were less defined and appeared to be less stable in pool B, the overall rate 
of movement (ROM, distance moved within a 5 min period) of fish did not differ between the 
two pools. Furthermore, the ROM of different sized individuals within each pool did not differ 
significantly from one another. A linear, size (weight) related dominance hierarchy appeared to 
exist within both pools whereby the heaviest individual was the most dominant. Though 
primarily nocturnal in habit, the social structure and behaviour of giant kokopu (when active 
during the day) was comparable to that exhibited by other drift feeding fish in the Northern 
Hemisphere. 
Key words: Spatial distribution, rate of movement, dominance hierarchy, giant kokopu 
Chapter 7: Spatial segregation and social interactions of giant kokopu 117 
Introduction 
Direct visual observations of fish behaviour either through snorkelling (Power and 
Matthews 1983, Matthews et al. 1994, Nakano 1995 a), or from hidden positions on the stream 
bank (Bachman 1984, Grant 1990, Katano 1990, Hughes 1992 a) have enhanced our 
understanding of fish ecology in streams. Numerous researchers have used direct observations 
to record the social interactions of individual fish and to examine how these interactions may 
influence the spatial distribution of fish within stream pools (Nakano and Furukawa-Tanaka 
1994, Nakano 1995 a, Nakano et al. 1999). 
For drift feeding fish, such as grayling (Thymallus sp.) and various salmonids, spatial 
distributions are frequently described in terms of a dominance hierarchy, whereby the most 
dominant individual occupies and defends the most profitable position within the pool (Hughes 
1992 a, Nakano 1994, Nakano and Furukawa-Tanaka 1994, Nakano et al. 1999). This position 
tends to be near the pool inlet where the dominant fish can gain priority of access to drifting food, 
thus enabling it to maximise its net energy gain (Fausch 1984, Grant 1990, Hughes 1992 a, b). 
Fish that are subdominant tend to be located further downstream and occupy less profitable 
positions that correspond with their position in the hierarchy (Nakano 1995 a, b). In some cases, 
particularly for subordinate individuals, the costs involved in defending a territory may exceed 
the benefits derived from it. When this occurs, an individual will either be forced to emigrate 
from the pool and 'try its chances' elsewhere or alternatively change its tactics and become a 
non-territorial forager (e.g. Nakano 1994, 1995 a, b). Since the ability to visually locate 
individuals is obviously critical to recording this type of information, such studies are restricted 
to fish species that are diurnally active. 
Many of New Zealand's native freshwater fish species are nocturnal year round 
(McDowall 1990 a), so opportunities to directly observe social interactions between these fish are 
infrequent. However, one species that may occasionally exhibit diurnal activity is the giant 
kokopu (Galaxias argenteus). Typically, this species will only venture into open water habitats 
during darkness. However, during summer this species may occasionally emerge from 
concealment to occupy drift feeding positions during the day (Chapters 4, 5). When this occurs, 
a rare opportunity to directly observe giant kokopu without altering their natural behaviour exists. 
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interactions among various sizes of giant kokopu within individual stream pools during the day. I 
hypothesised that giant kokopu would be spatially segregated within pools and that larger fish 
would maintain and defend more defined territories and exhibit lower rates of movement than 
smaller, less dominant fish. This study represents the first visual and quantitative assessment of 
social organisation and spatial segregation of a native fish in New Zealand. 
4111 '\. Pool A 
_.., Pool B 
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Fig.1 
Study site on Alex's Creek showing the two pools in which observations of giant kokopu during 
this study were conducted 
Methods 
STUDY SITE 
This study was carried out during January, 2001 in the upper reaches of Alex's Creek, a 
2nct order tributary of Lake Waihola, in the south east of New Zealand's South Island (Fig. 1). 
The headwaters of Alex's Creek are characterised by short bedrock pools(< 10m long) separated 
by high gradient riffles and cascades. Native riparian vegetation comprising predominantly 
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cabbage trees (Cordyline australis) broadleaf (Griselinia littoralis), and manuka (Leptospermum 
scorparium) shades the stream in most places. Average stream width is< 3 m and average depth 
< 30 cm. Typical water temperatures in January range between 10-15°C and dissolved oxygen 
between 7-12 mg/I. Stream pH is neutral to slightly basic and conductivity is low (70-115 µs/cm) 
year round (Chapter 5). Ambient air temperature during this study averaged 19.5°C during the 
day (range 14.1-26.2°C) and 9.0°C at night (range 2.2-14°C), (Dunedin Airport data, NIWA). 
Giant kokopu are the dominant fish species in the upper reaches of Alex's Creek although 
common bullies ( Gobiomophus cotidianus ) and longfin eels (Anguilla dieffenbachii ) also occur. 
POOL SELECTION AND IDENTIFICATION OF INDIVIDUALS 
Two pools, (hereafter pool A and pool B) were selected for observations of fish 
behaviour. Both pools were located in the upper reaches; pool A being 125 m upstream of pool 
B (Fig. 1). These particular pools were selected for two reasons: 1. Because the complete area of 
each pool could be viewed from a single position across a range of lighting conditions and 2. 
Because both pools contained giant kokopu of varying sizes. A map of each pool was drawn to 
scale and included any permanent underwater features (e.g. rock fissures) that could be used to 
improve the accuracy of fish locations. To further aid accuracy of fish locations, a thin, 
longitudinal transect line (nylon) indicating longitudinal distance in 50 cm increments was 
suspended 50 cm above the water surf ace of each pool. 
Prior to data collection a camouflaged hide was erected along the streambank of each 
pool, so that observers would not affect fish behaviour. Following construction, fish within each 
pool were observed with binoculars (Nikon Travellite 7 x 20, 7 .1 °) for a four day period in order 
to identify individuals by their characteristic markings (e.g. Bachman 1984). A total of seven 
individuals were identified in pool A and 11 in pool B. Of these, observations were recorded for 
six of the seven fish in pool A and for nine of the 11 in pool B (Table 1). Identified fish were 
captured using a dipnet and anaesthetised using 2 phenoxyethanol at 125 µ1/1 before being 
weighed (Sartorius field balance, nearest 0.1 g), measured (nearest 1 mm) and released at their 
point of capture. The lengths of two fish that avoided capture from pool B were estimated 
visually by using other fish of known length as a comparison (Table 1). 
• 
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The surface area (wetted area) of both pools were calculated from the scaled maps. The 
surface area of pool A (25.6 m2) was slightly greater than pool B (21.57 m2). Since there were 
seven fish naturally occurring in pool A and 11 in pool B, the density of fish in pool A was lower 
(0.27 fish/m2) than that in pool B (0.51 fish/m2). 
Table 1. 
Length (L) and weight (W) of individual giant kokopu from pool A and B. - indicates fish 
identified but movements and social behaviour not recorded. * denotes fish not captured and 
length estimated visually. 
Pool Fish L(mm) W(g) 
Pool A Al 184 79.2 
A2 190 80.2 
A3 153 46.5 
A4 82 10.5 
AS 81 9.4 
A6 81 8.4 
A7- 67 4.9 
PoolB Bl 147 69.8 
B2 135 39.4 
B3 * 161 
B4 119 21.9 
BS 118 21.6 
B6 * 115 
B7 78 6.3 
B8 76 6.1 
B9 74 5.6 
BlO *- 182 
Bll - 116 19.6 
OBSERVATIONS 
Background information 
Initial observations immediately prior to commencing this study (and data collected for 
(Chapter 5) indicated that opportunities to observe giant kokopu during the day in summer were 
unpredictable. The emergence of giant kokopu during the day appeared to be a population 
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either active and occupying open water habitats or inactive and concealed amongst cover. Thus 
data collection for this study was only feasible on those days that giant kokopu were visible. 
Since I could not predict when diurnal observations were likely, I travelled to field sites over 15 
consecutive days commencing January 4. Diurnal observations of fish behaviour were possible 
on the 7t\ 8th and 9th when most fish emerged from diurnal concealment. On the 10th (seventh 
consecutive day) all fish were diurnally concealed, and did not emerge at any point throughout 
the day. This behaviour continued for a further nine days at which point the study was 
terminated. During diurnal observations, fish A 7 from pool A and fish B 10 and B 11 from pool B 
were only visible for brief periods of time during the three days of data collection. Data recorded 
for these individuals was insufficient to establish their spatial segregation, rate of movement or 
position in the hierarchy and so was not included in the analyses. 
Data collection 
Observations on the 7t11, 8t11 and 9t11 were made by two observers between 1100 and 1900 h. 
Each fish within a pool was randomly assigned a letter and then observed in alphabetical order. 
If a fish was undercover or not visible when its observation period arrived, the next fish in the 
order was observed. Each individual was observed for a 5 min period (hereafter 'observation 
period') during which time its position within the pool was recorded every 20 s (16 location 
points). The rate of movement (ROM) of an individual during a 5 min observation period was 
determined by measuring the distance between each of the 20 s points. ROM was expressed as 
the distance moved (m) in 5 min. 
In addition to recording fish positions, any aggressive encounters that were observed 
during the observation period were also recorded. Results of one-sided attacks (definite victory 
or loss) were used to construct a dominance hierarchy following the methods of Katano (1990). 
This method is particularly useful because it enables the development of a linear hierarchy even 
though all fish within a pool may not have interacted with one another directly. In addition, more 
importance is placed on the rank of the opponent encountered and the subsequent victories or 
losses rather than the number of wins or losses alone. 
In order to avoid any possible behavioural differences relating to time of day, both pools 
were observed at different times throughout the day. The transition from one pool to the other 
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occurred once all individuals that were currently visible within the pool being examined had been 
observed for a single 5 min period. 
ANALYSES 
The scaled map of each pool was divided up into a grid composed of 50 x 50 cm quadrats. 
The positions recorded for each individual during each 5 min observation period (n = 16 points) 
were given X and Y coordinates corresponding to their grid position in the pool. The number of 
times an individual was located within each X Y quadrat during each 5 min observation period 
was pooled over the three days. This value was then expressed as the percentage of time that an 
individual spent in each quadrat. X and Y coordinates were used to produce a 3-dimensional 
spatial distribution profile for each individual. 
To determine whether the ROM of small fish was different to larger fish I plotted a 
regression of average ROM (dependant variable) against fish weight (independent variable) for 
each pool. For pool B, two of the nine fish were omitted from the regression analysis because 
their weights could not be obtained. While I could have predicted the weight of these two fish 
from a length/weight regression equation, one of the individuals (B3) appeared to be in 
particularly poor condition and the probable over-estimate of its weight may have biased the 
results. To determine whether the mean ROM of fish in pool A was different to that in pool B, a 
two sample t-test was performed, where individual fish (n = 6 fish, pool A; n = 9 fish, pool B) 
were treated as replicates. 
Results 
INDIVIDUAL OBSERVATIONS 
An average of 107 point observations were recorded for each fish in pool A (range 64-128) and 
80 in pool B (range 64-112) (Table 2). An average of 6.7, 5 min recordings were collected for 
each individual in pool A and 5.0 in pool B. 
Chapter 7: Spatial segregation and social interactions of giant kokopu 123 
Fish in pool A, irrespective of their size, maintained defined territories which appeared to 
be stable through time (over three days) with most fish using a primary focal point (Fig. 2). 
Territories used by individuals rarely overlapped with those of other fish although fish 'A2' (Fig. 
2 b) and 'A3' (Fig. 2 c) exhibited some territory overlap. 
Fish in pool B maintained territories which were less defined than those in pool A and 
territory overlap was more common (Fig 3). In contrast to fish in pool A, most fish did not use a 
primary focal point but tended to forage over a wider area within the pool. This resulted in a 
distinctly flatter spatial distribution profile for most fish. 
Table 2. 
Total number of 5 min observations and total number of point locations (16 per 5 min 
observation period) recorded for each individual fish in pool A and B (collected over 3 days). 
Pool Fish No 5 min obs Total obs 
Pool A Al 7 112 
A2 4 64 
A3 7 112 
A4 6 96 
A5 8 128 
A6 8 128 
av 6.67 106.67 
PoolB Bl 5 80 
B2 5 80 
B3 4 64 
B4 4 64 
B5 4 64 
B6 4 64 
B7 7 112 
B8 7 112 
B9 4 64 
av 5.00 80.00 














































Spatial distribution and pool use exhibited by individual fish in pool A (layout a-fin order of 
dominance rank). Data expressed as the proportion of time spent in each 50 x 50 cm quadrat 
(pooled over 3 days). n = total number oflocations on which pool use for each fish is based. 
Pool outline is shown. 
+ 
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Fig. 3 










































Spatial distribution and pool use exhibited by individual fish in pool B (layout a-i in order of 
dominance rank). Data expressed as the proportion of time spent in each 50 x 50 cm quadrat 
(pooled over 3 days). n = total number of locations on which pool use for each fish is based. 
Pool outline is shown. 
., 
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ROM 
The ROM of fish in pool A did not differ significantly between small ( < 100 mm) and 
large fish (P = 0.184, R2 = 0.39; Fig. 4 a). Similarly the ROM of fish in pool B did not differ 
significantly between small and large fish (P = 0.306, R2 = 0.20; Fig. 4 b). Furthermore, there 
was no apparent difference in the ROM of fish in pool A compared to pool B (t-test P = 0.354, t = 
0.961, n = 6 pool A, n = 9 pool B; Fig. 5). 
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Fig. 4. 
Regression of average rate of movement (Av ROM) against fish weight for all individuals in pool 
A a) andB b). 
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pool A poolB 
Fig. 5 
Average rate of movement (AvROM) calculated for all fish in pool A (n = 6) and pool B (n = 9) 
Error bars represented as standard error. 
DOMINANCE HIERARCHY 
Table 3 a) represents a dominance matrix of all aggressive encounters recorded for pool A 
during this study. Fish Al was ranked as the most dominant fish winning all aggressive 
encounters. Fish A2, though longer (but lighter) was ranked second having lost to Al on two 
separate occasions. Fish A3 was ranked third having lost to both Al and A2 on numerous 
occasions. Fish A 7 was ranked as the least dominant fish having lost to fish A5 (ranked fifth) 
and A6 (ranked sixth). Results from pool A suggest that a linear, size (weight) structured 
dominance hierarchy existed with the heaviest fish being the most dominant and lightest fish the 
least dominant. 
Table 3 b) represents a dominance matrix of all aggressive encounters recorded for pool 
B. Fish Bl was ranked as the most dominant fish having won 92 % of encounters and defeating 
fish B2 (ranked second) and B3 (ranked third) on multiple occasions. The least dominant fish 
(B9) lost all encounters, losing to B2, B7 and B8. During observations it was evident that two 
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fish (B7 and B8) interacted more frequently with each other than with any other fish. Fish B7 
was always the aggressor attacking and defeating B8 on 11 separate occasions (Table 3 b) 
In accordance with pool A, a linear size (weight) structured dominance hierarchy 
appeared to be evident in pool B although one possible exception was observed. Fish B3 (ranked 
third) was longer and, although its weight was unknown, was likely to have been slightly heavier 
than Bl andB2. 
Table 3 
Dominance matrix displaying all aggressive encounters for each individual fish in pool A a) and 
pool B b ). L = length, W = weight, and position (Rank) in the hierarchy is indicated. 
a) 
Fish L (mm) W (g) Rank wins (%) Al A2 A3 A4 A5 A6 A7 wins 
Al 186 80.8 1 100 2 6 2 0 0 0 10 
A2 190 80.2 2 85 0 8 1 2 0 0 11 
A3 153 46.5 3 18 0 0 2 0 1 0 3 
A4 82 10.5 4 29 0 0 0 0 2 0 2 
A5 81 9.4 5 80 0 0 0 0 5 3 8 
A6 81 8.4 6 13 0 0 0 0 0 1 1 
A7 67 4.9 7 0 0 0 0 0 0 0 0 
Losses 0 2 14 5 2 8 4 35 
b) 
Fish L (mm) W (g) Rank wins(%) Bl B2 B3 B4 B5 B6 B7 B8 B9 wins 
Bl 147 69.8 1 92 3 3 0 3 1 0 1 0 11 
B2 135 39.4 2 83 0 3 2 5 0 3 0 2 15 
B3 161 - 3 14 1 0 0 0 0 0 0 0 1 
B4 119 21.9 4 33 0 0 0 0 1 0 0 0 1 
B5 115 - 5 25 0 0 0 0 1 0 1 0 2 
B6 118 21.6 6 0 0 0 0 0 0 0 0 0 0 
B7 78 6.3 7 82 0 0 0 0 0 0 11 3 14 
B8 76 6.1 8 13 0 0 0 0 0 0 0 2 2 
B9 74 5.6 9 0 0 0 0 0 0 0 0 0 0 
Losses 1 3 6 2 8 3 3 13 7 46 
fr 
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Discussion 
SPATIAL SEGREGATION 
All giant kokopu in pool A exhibited distinct spatial segregation. Territories used by fish 
were small and most individuals exhibited drift feeding behaviour from a distinct focal point. 
Positions occupied by fish were predictable and stable over the three consecutive days for which 
data were collected. In contrast to pool A, territories used by fish in pool B were less defined 
resulting in a 'flattened' rather than a 'peaky' distribution profile for most individuals. While I 
can only speculate as to why this difference was observed, one possibility may relate to the 
higher density of fish in pool B (0.51 fish/m2) relative to pool A (0.27 fish/m2). That is, it is 
possible that individuals in pool B encountered each other more frequently than those in pool A, 
thus potentially disrupting the stability of spatial distributions (c.f. Nakano et al. 1999). 
Furthermore, competition for food and space may have been more intense in pool B causing 
individuals to forage over a wider area thus also increasing their probability of encountering other 
fish. 
ROM 
Although distributions of individuals in pool B tended to be less defined than those in 
pool A, the average rate of movement exhibited by fish did not differ between pools. 
Observations of fish in pool A indicated that individuals were constantly moving from their focal 
point to intercept food items from the drift before returning to the focal position. Thus, while 
individuals in pool A used a smaller foraging area than individuals in pool B, they still travelled a 
similar distance within a 5 min observation period. 
Initially I hypothesised that smaller fish would be less likely to occupy focal points and 
defend a defined territory. Contrary to my hypothesis, juvenile ( <10 cm) giant kokopu behaved 
in much the same way as larger adult fish within their respective pools. Consequently, the rate of 
movement of small fish did not differ significantly from larger fish. In particular, the occupation 
of distinct territories and focal point feeding by juveniles in pool A was unexpected. The ability 
to display this behaviour, particularly in pool A may have been facilitated by the relatively low 
' 
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density of larger (> 100 mm) fish in the pool, thus enabling juveniles to occupy positions from 
which they would normally be excluded. Nevertheless, in accordance with their dominance rank, 
juveniles were located toward the back end of both pools where priority of access to drift was 
limited (Pausch 1984) or restricted to sub-optimal edge habitats where the drift rate was 
presumably lower. Whether juveniles would have used the same positions occupied by the larger 
dominant fish in their absence is not known, although potential to conduct removal experiments 
exists. Such experiments as performed by other researchers (e.g. Grant 1990, Hughes 1992 a) 
would be useful to determine the influence of intra-specific competition as a mechanism 
controlling habitat use and distributions of juvenile giant kokopu in these streams. 
HIERARCHY 
There was some evidence of a linear dominance hierarchy within pools with fish weight 
rather than length a seemingly better predictor of dominance rank. This has also been noted by 
Nakano (1994) for white spotted char (Salvelinus leucomaenis) and masu salmon (Oncorhynchus 
masou masou) in central Japan and by Hughes (1992 a) for grayling (Thymallus arcticus) in 
Alaska. In this study aggressive encounters tended to occur more frequently between individuals 
who were closely ranked. There was also some evidence to suggest that individuals recognised 
each other within pools. The frequent interactions between two small subordinate fish in pool B 
(fish B7, ranked seventh and B8 ranked eighth) indicated that aggressive interactions between 
individuals may not have occurred randomly. General observations between these fish indicated 
that fish B7 recognised B8 from other fish and would direct aggression specifically towards B8. 
On one occasion B7 was slowly foraging in an upstream direction and upon identifying B8 
approximately two meters to its right, suddenly changed direction laterally, charged toward B8 
and then chased it throughout the pool before B8 retreated under cover. It has been suggested by 
numerous researchers that individuals may learn from previous agnostic encounters (Dugatkin 
2001) and rather than fight at random, will take calculated risks where the probability of winning 
is higher (Barnard and Burk 1979, Francis 1983, Abbott et al. 1985). Such an idea may partially 
explain the aggression directed toward B8 by B7 in this study. While there was evidence of a 
size structured dominance hierarchy, the few days over which data collection was possible limits 
my ability to comment on its stability through time. Subsequent night (spotlight) trips in late 
\ 
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March and late April 2001 did reveal that six of the seven fish in pool A and six of the nine fish 
in pool B were still present (B. David pers. obs). These observations suggest that populations 
and potentially the hierarchical organisation within these pools (at least during stable flow 
conditions) may be relatively stable through time. 
Thus, while giant kokopu are normally nocturnal, the brief period for which I was able to 
collect data indicated that during the day this species behaved in a very similar manner to other 
drift feeding fish typically found in the Northern Hemisphere (e.g. grayling, many salmonids). 
Furthermore, in accordance with studies on salmonids and grayling, there is some evidence to 
suggest that spatial distributions of giant kokopu may also be described in terms of a linear size 



















Some native New Zealand freshwater fish. Top left: torrent fish (Cheimarrichthys fosteri), top 
right: shortjaw kokopu (Galaxias postvectis), centre: giant kokopu (Galaxias argenteus), bottom 
left: redfin bully (Gobiomorphus huttoni), bottom right: lamprey (Geotria australis) 
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General discussion 
Despite recent research, there is still much to be learned about New Zealand's native 
freshwater fish fauna. To some degree the nocturnal tendencies and small size of many species 
has enabled them to remain relatively unknown to most people. While few of these fish have any 
recreational or commercial significance (other than the whitebait and eel fisheries), they are 
nevertheless unique (31 endemic species) and as described by McDowall (2000) are 'a much 
valued and distinctive part of the country's natural heritage'. 
A growing number of studies indicate that the decline in abundance and fragmented 
distribution structure of many of New Zealand's native species (including the giant kokopu) 
is/has been the result of two main factors; 1. habitat loss/degradation (e.g. Main 1988, Hanchett 
1990, McDowall 1990 a, Minns 1990, Swales and West 1991, Bonnett 2000, Chadderton and 
Allibone 2000) and 2. predation/competition by introduced salmonids (e.g. Townsend and Crowl 
1991, Crowl et al. 1992, McIntosh et al. 1992). For diadromous species, including the giant 
kokopu, the harvesting of migrating whitebait by recreational anglers may be having an 
additional, though perhaps less significant impact (McDowall 1992, Bonnett 2000). The relative 
importance of each of these factors is likely to be site specific though more often that not a 
combination of these factors may be involved. 
As is typical of many research projects, the research undertaken in this thesis has 
generated more questions and ideas than have been tested or answered. Nevertheless, below I 
have outlined some research directions and ideas that I believe will be useful for the future 
conservation of giant kokopu. I have used the issues outlined above as the basic framework for 
discussion. 
FUTURE WORK- CONSERVATION OF GIANT KOKOPU 
Habitat loss/degredation - impacts and potential remedies 
Vast tracts of forest have disappeared from the New Zealand landscape in a short period of time. 
According to King (1984), the area of indigenous forest prior to Polynesian arrival covered more 
7 
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than 21 million hectares. Today coverage is less than six million hectares. For streams, the 
resultant effects of deforestation include increased light, temperature and nutrient inputs, and 
increased erosion and sedimentation (McDowall 1990 a). These effects have no doubt been 
exacerbated by the conversion of cleared forest to pasture, and intensified through the trampling 
of stream banks by stock and artificial channelisation of watercourses. 
Having attained a more comprehensive understanding of the habitat requirements and 
distributions of giant kokopu in unmodified (e.g. Chadderton and Allibone 1996, 2000, Bonnet 
2000) or slightly modified streams (Bonnet 2000, Whitehead 2001, Chapter 5) we can now begin 
to understand how and why such practices adversely affect this species. 
In Chapter 5 it was found that giant kokopu used : 
• a predictable and generally small ( < 20 m) home reach that contained both riffle and pool 
habitats. 
• specific cover positions which provided a zero-low flow environment 
• low flows and fine substrates during the day and night in winter 
• higher flows, coarser substrates and shallower depths in summer 
This information highlights two main points: firstly, giant kokopu living in streams require 
heterogeneous rather than homogeneous habitats, and secondly that they require a dynamic rather 
than a uniform flow regime. Thus, the absence of giant kokopu from degraded (particularly 
channelised) reaches of streams (Chapter 3) may (in many instances) be due to the lack of habitat 
heterogeneity and the often uniform flow conditions associated with these areas. Furthermore, 
such areas probably provide little or no refuge during high discharge periods and thus fish would 
be unable to move into low flow areas (e.g. Chapter 6) to avoid being displaced. Overhead 
riparian cover does not appear to be an essential requirement for giant kokopu since they are 
commonly found in streams (or stream reaches) with or without riparian vegetation (Bonnett 
2000, Chapter 3). Nevertheless the presence of riparian vegetation is likely to be beneficial in 
that the quantity of terrestrial prey items available to giant kokopu would probably increase 
(Edwards and Huryn 1995). Terrestrial prey often comprise a substantial proportion of the foods 
consumed by giant kokopu (Bonnett 2000, Chapter 5). Additional benefits of riparian vegetation 
include long term stability of stream banks. Banks lacking riparian vegetation tend to be more 
Chapter 8: General discussion 135 
prone to erosion which may lead to increased sediment inputs and ultimately the in-filling of 
stream pools (and eventually decreased habitat heterogeneity). 
Perhaps the greatest value of knowing the habitat requirements of stream dwelling giant 
kokopu is that this information can be used to implement effec.tive management strategies. For 
instance this knowledge may be used to re-create suitable giant kokopu habitat in degraded 
stream reaches. There are numerous small streams flowing across the Taieri Floodplain, and 
elsewhere around New Zealand that maintain viable populations of giant kokopu in their middle 
and/or upper reaches but lower reaches have been channelised and contain few if any fish. It is 
likely that these sections once contained giant kokopu based on distributions in unmodified 
streams, e.g. Stewart Island, (Chadderton and Allibone 1996, 2000) but in their current condition 
do not appear to provide suitable habitat. These particular streams would be ideal candidates for 
stream rehabilitation. Since juveniles ( <10 cm) appear to use habitats which are distinctly 
different from larger fish (Whitehead 2001), in addition to creating suitable adult habitat, creating 
'marginal' habitats for recruiting juveniles would also be essential. The movements of giant 
kokopu recorded in Chapter 6 indicated that this species may move and settle into new locations 
as a result of floods. Thus, providing that a suitable population occurs upstream, potential exists 
to test the effectiveness of stream restoration via natural re-population during floods and via 
recruiting juveniles rather than human induced re-introductions. 
Giant kokopu vs introduced salmonids - how important is fish size? 
In addition to habitat loss/degradation, introduced salmonids have been shown to 
negatively impact on native galaxiid species both in New Zealand (Townsend and Crowl 1991, 
Crowl et al. 1992, McIntosh et al. 1992) and in Australia (Fletcher, 1979, Ault and White 1994, 
Closs and Lake 1996). Most galaxiids rarely grow larger than 15 cm in total length (McDowall 
2000) thus their small size is likely to render them susceptible to predation or exclusion by larger 
salmonids. The importance of trout size relative to the impacts imposed on galaxiids has been 
demonstrated by McIntosh et al. (1994). In their study, densities of a small New Zealand galaxiid 
Galaxias vulgaris, declined in the presence of large brown trout but did not differ when small 
trout or no trout were present. Trout size, as one might expect, was concluded to be the most 
important factor determining galaxiid density. 
r 
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In contrast to most other galaxiids, giant kokopu may commonly attain lengths between 
30-40 cm total length. In addition, giant kokopu do exhibit territoriality (Chapter 7) and diet 
studies indicate that they will prey on other fish (Jellyman 1979, Rasmussen 1990, Bonnett 
2000). Thus, while large trout may prey on or out-compete smaller giant kokopu, their influence 
over giant kokopu of similar or larger size may be quite different. Significant potential exists to 
examine (via direct visual observations) the importance of fish size in competitive interactions 
between these species. In challenging the dominant paradigm that galaxiids are inferior 
competitors to salmonids, an obvious and potentially meaningful question would be: at what size 
relative to brown trout do giant kokopu become the dominant fish? An answer to this question 
may for instance provide information on the susceptibility of a stream to invasion by salmonids, 
particularly if large giant kokopu are resident. It may also help to explain some of the 
distribution patterns recorded during the spotlight survey conducted in Chapter 3, in particular, 
the distinct segregation of populations of trout and kokopu in Mill Stream and Lee Creek (and to 
a lesser extent in Alex's, Cullen's and Boundary Creek). 
The idea that native fish communities may be resistant to invasion by introduced fishes 
(despite the absence of obvious barriers to invasion and the presence of suitable habitat) has been 
proposed by a number of researchers (e.g. Moyle et al 1983, Baltz and Moyle 1993). Baltz and 
Moyle (1993) found that certain Californian streams resist invasion by exotic fish species 
providing they are relatively undisturbed by human activity. Although most waterways have 
been modified to some extent in New Zealand, there are a number of areas which are relatively 
undisturbed by human activity and in which introduced species are absent or present in low 
abundance. For instance, streams on Stewart Island (Chadderton and Allibone 2000), small 
streams on the west coast of the South Island (Jowett et al. 1998, B. David unpublished data) and 
a number of small streams on the east coast (Rowe et al. 1999) and west coast (Hayes et al. 1989) 
of the North Island. Despite the absence of barriers to invasion and the availability of suitable 
habitat, the low abundance of introduced fish in these streams suggests that these streams, like 
certain Californian streams, may also be resistant to invasion. 
The potential for such streams to resist invasion, coupled with their unmodified habitats 
and intact fauna highlights them as key areas for protection. In addition to providing a safe haven 
for native fish of varying size classes, these streams may also potentially act as a seeding source 
for diadromous species whereby the offspring produced may contribute to other populations 
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along the coast. Of the streams surveyed during this thesis, Picnic-Gully Creek (Chapter 3) was 
the only stream (of eight surveyed) that was unmodified by human activity and was one of only 
two streams that did not contain brown trout. Although Alex's and Cullen's Creeks were slightly 
modified (channelised in lower reaches, grazed by stock in their mid reaches), these streams 
contained significant populations of giant kokopu and few trout. From a local perspective, 
serious consideration should be given to limiting or controlling the human activity that is 
currently occurring on these two streams. Recent (2001) channelisation of a section of Cullen's 
Creek and one of its tributaries has decimated the populations of giant kokopu that previously 
existed in these areas and a small number of brown trout appear to have moved in (B. David pers. 
obs.). 
ADVANCING OUR KNOWLEDGE OF DRIFr FEEDING FISH 
Most of our current understanding of the mechanisms influencing the behaviour of drift 
feeding fishes has been derived from studies on stream salmonids. As this thesis progressed it 
was evident that giant kokopu and salmonids, despite having evolved in geographical isolation, 
share a number of behavioural similarities. However, there are also some notable differences. 
These similarities and differences are briefly outlined below: 
Similarities. 
• Both giant kokopu (Chapter 5 and 7) and salmonids (Bachman 1984, Fausch 1984, Nakano et 
al. 1999) may exhibit drift feeding behaviour from distinct focal points 
• Spatial distributions of giant kokopu (Chapter 7) and salmonids (Nakano 1994, Nakano and 
Furukawa-Tanaka 1994, Nakano et al. 1999) within pools may be explained in terms of a 
linear dominance hierarchy (at least during the day). 
• During winter giant kokopu (Chapter 5) and salmonids (Bjornn 1971, Fraser et al 1993, 
Heggenes et al 1993, Contour and Griffith 1995) tend to select low flow areas and exhibit 
concealment behaviour during the day. 
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Differences 
• Giant kokopu exhibit a tendency for nocturnal activity even during summer (Chapter 5, 
Chapter 7), salmonids tend to be more diurnal (Bachman 1984) 
• Giant kokopu have certain morphological differences, such as the presence of an accessory 
lateral line that is thought to be an adaptation for detection of predators or prey at night 
(McDowall 1997). 
a Large giant kokopu (30+ cm) may inhabit particularly small (211 " order) streams. 
According to McDowall (1990 b), galaxiids and salmonids last had common origins 
probably in Pangaea at some time during the Mesozoic period. Despite their long separation 
giant kokopu appear to fill a niche similar to that occupied by salmonids in the Northern 
Hemisphere. However, the nocturnal tendencies and specific morphological characteristics of 
giant kokopu suggest that that despite filling a similar niche and sharing some behavioural 
similarities, there appear to be differences in the way these two groups of fish exploit their 
habitat. Giant kokopu provide a unique opportunity to further our understanding of the 
mechanisms influencing the behaviour of drift feeding fish and to explore the constraints under 
which these fish operate. In particular, potential exists to test a variety of questions relating to the 
energetic requirements of giant kokopu and their prey capture efficiency at different velocities 
and light levels. In addition, the importance of predation risk as a factor influencing their 
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